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REDISCOVERY OF THE ENIGMATIC COELENTERATE
DENDROBRACHIA, (OCTOCORALLIA: GORGONACEA) WITH

DESCRIPTIONS OF TWO NEW SPECIES

BYDENNISM. OPRESKO* & FREDERICKM. BAYERf

Summary

Since 1876, Dendrobrachia fallax Brook, an arborescent, noncalcareous anthozoan coelenterate

with a spiny, proteinaceous axis, has been assigned to the suborder Antipatharia in spite of such

equivocal features as the probable presence of eight pinnately branched tentacles and a solid axial

core. In recent years, specimens resembling D. fallax have been collected from off the southern

coast of Australia and from the Straits of Florida. These specimens represent two new species of

Dendrobrachia and are here described as D. paucispina sp. nov and D. multispina sp. nov.

Furthermore, anatomical and histological studies demonstrate that Dendrobrachia has characteristic

octocorallian features. The solid, noncalcareous axis and absence of calcareous sclerites suggest a

relationship with the holaxonian family Chrysogorgiidae, but the distinctive skeletal features

warrant retaining the genus in a separate family Dendrobrachiidae.

KEY WORDS: Gorgonacea, Octocorallia, Antipatharia, Chrysogorgiidae, Dendrobrachiidae,

Dendrobrachia.
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REDISCOVERY OF THE ENIGMATIC COELENTERATE DENDROBRACHIA.
(0CTOC0RALLIA: GORGONACEA) WITH DESCRIPTIONS OE TWO NEW SPECIES

by Dennis M. Opresko* <& Frederick m. Bayer t

Oi'KtsKij, P. M. & IUylr, F M. (1991) Rediscovery of the enigmatic coelenierate Dendrobrachia (Octoeorallia;

Gorgonaeea), with descriptions of two new species. Trans. R. Soc. S. Aust. 115(1), 1-19, 31 May. Wl
Since 1876, Dendrobrachia fallax Brook, an arborescent, noncaleareous anihozoan coelenierate with a spiny,

proieinaeeuus axis, tin* hcen assigned ro the suborder Antipalharia in spite of such equivocal features as the probable

presence of eight pinnately branched tentacles and a solid axial core. Jn recent years, specimens resembling £k fatlax

have been collected from off the southern coast of Australia and from the Straits of Florida. These specimens represent

I wo ne^ species of Dendrobrachia and arc here described as O. pauc'tspina sp. nov and D. multispina sp. nov.

Furthermore, anatomical and histological studies demonstrate ihat Dendrobrachia has characteristic octocorallian

features. The solid, uoncalcareous axis and absence or calcareous sclcritcs suggest a relationship with the holaxonian

family C'liryMigorgiidac, dill Ihe distinctive skeletal feafuies warrant retaining the genus in a separate family

Dendrobraehiidae.

Kt:v Words: Gorgonacea. Octotorallia. Anripatharia, Chrysogorgiidae, Dendrobraehiidae, Pendrobrachw.

Introduction

On 11 March 1876, at 8 a03'S, 14a27W, off

Ascension Island, H.M.S. "Challenger" dredged two

specimens of an arborescent coelenterate with spiny

proteinaceous axis al station 343 in 425 fathoms oi

water. These specimens subsequently were described

as Dendrobrachia fat/ax by Brook (1889) and
assigned to a new family. Dendrobraehiidae, placed

ui the suborder Antipatltaria. The species was iaken

again in T90l» off the Cape Verdes by the Prince

of Monaco, and reported briefly by Thomson
(1910), who concurred with Btook in placing it in

a special family of Antipalharia.

In spite ot their equivocal features — pinnate

tentacles probably eight in number, absence of a

hollow axial core — the spiny axis and lack of

calcareous spicules overrode other considerations

and classification of Dendrobrachia among the

Antipatharia has prevailed until the present.

During 1988 and 1989, Karen Gowlert-Hoimes,
while aboard trawlers in the Great Australian Bight

and farther south off the Continental shelf of
Australia, collected a number of deep sea octocorals

.and antipatharians which were deposited m the

South Australian Museum. Along with specimens
of Chrysogvrgia were six colonies also tentatively

identified as chrysogorgiid gorgontans. When
examined more closely, these were found to resemble

Brook's enigmatic Dendrobrachia fatlax. This new
material represents A new species of Ihe genus, and

is sufficiently well preserved to permit a more
detailed description of the soft anatomy and a

reevaluation of Ihe placement of the family

Dendrobraehiidae. AJso included in this report is

a description of a new species of Dendrobrachia
from the western Atlantic; which is based on one
specimen collected from the Straits of Florida.

Sysleinatits

Subclass Octocorallia

Order Gorgonacea
Suborder Holaxonia

Family Dendrobraehiidae Brook, 1889

Genus Dendrobrachia Brook, 1889

Dendrobrachia Brook, 1889:159; Hickson, IS95:40;

Thomson, 1910:142.

Type species: Dendrobrachia faUax Brook, by
monotypy.

Diagnosis. ATborescent Gorgonacea with purely

proteinaceous axis lacking hollow core; axis marked
by conspicuous ridges and grooves, with more or

less numerous and prominent spines along the

summit of the ridges. Polyps and coenosarc without

calcareous sclcritcs.

Distribution: Eastern Ailannc Ocean off
Ascension and Cape Verde Islands; western Atlantic

off Cay Sal, Bahamas; Great Australian Bight.

394-1089 m.

Health and S«JWv Research Division, Oak Ridge
National Laboratory, P.O. Box 2008, Oak Ridge,

rsnmsfte 17331-6050, cs.A
Department of Invertebrate Zoology. U.S. National
MiiMtiin of Narnrnl History. Washington, D.C. 20560,
USA

Dendrobrachia fa/lax Brook
FIGS I, 2; Tabic I

Dendrobrachia fallax Brook, 1889:159-160, pi. 10,

figs 1-8. Thomson, 1910:142-143.
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Fig. 1. Dendrobrachia fallax Brook,

Stereoscopic pairs, SEM.
axis. Top, lateral view of terminal twig; bottom, cross section below apex.
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Material £mm/tou£ type specimens, South
Atlantic, mi Asoension Isbmd. 803 S, |4*27'Wi
425 fm (777 oi) ( Xhallcngcr"E?cpcdirion. Stfr, 343.

27 March 1876, 2 spec CrJrltish Museum <BMNH)
1890,4.^,27).

Description: Colony planar, sparsely branched,

with some overlapping of adjacent branches;

branchleis bilateral, very irregularly alternate, rarely

opposite, highest order branchlets mostly 1-3 em
long, occasionally longer, 0.5-0.8 mm in diameter.

on average about I an apart on same side of

branches. Usually six, occasionally FtVe or seven

axial ridges on branenle's, increasing in number on

larger branches. Spines present on ridges, one row
per ridge; spines variable in size and shape but

increasing in size with increasing thickness of

branches. 0.2-0.25 mm long on branches about 1

mm in diameter. Polyps placed bilaterally, alternate

or in nearly opposite pairs, 3-6 polyps per cm.

Discussion. Neither of the lype Npeamcns has a

basal holdfast and one specimen appears to have

been broken off a larger colony. Both specimens

are about 20 cm mil and 5-10 cm wide. The basal

•\ienT dS&raet&j is 2 - 2 5 mm in one colony and

about 3 mm m the other. Overall, the branching ot

ihe colonies (s sparse, open, to aboul ihc eighth

order, and generally in one plane with some
overlapping of adjacent branches i>ee Brook 1899:

p. IQ, fig. 1). On the central portions of the

corallum. the branching is very weakly sympodial

in thai iofne of tne hUher order ramification-.,

become thicker and longer than ihe branches from

which they arise The branch angles [delineated by

ihe inner or distal side of a branch and the lower

order branch from which it arises) are generally

greater than 4S*. 1 he smallest ramifications of the

corallum, the branchless, occur at all levels of the

corallum. They are straight or slightly curved

upw;tril, unbrunehed, about 0.5-0.S mm in diameter,

and usually not more than 3 cm long. They tend

to be positioned bilateraUy and in a very irregularly

alternating, patlern along the sides of the branches.

The distance between ihe bases of adjacent

branchlets and/or branches on the same side of the

lower order ramification from which they arise

ranges from abom MS HUH* and the average

distance is 9 4 mm <n * 24). The distance between

adjacent Praneidet- and brandies on opposite sides

of tru* axis ranges from BbdWI ?-!7 mm. and the

aveiagc distance is 6.3 mm (o * 25).

Al the tips of the smallest bianchlets the skeletal

axis has *w (occasionally five o r seven) longitudinal

ridges separated by grooves or channels. The ridges

do tk'l radiate oui Irom a common central point,

bul rather appear lo develop as bifurcations al the

ends of a primary skeletal plate which is narrow and

rectangular in cross section. This primary axial

structure of branchlets can be seen at the core of

the thicker branchlets when viewed in cross section

(Fiji. 1, bottom).

Emending down from the tips of the branchlets

for a distance ofabout 1-15 cm, the ridges remain

smooth or possess only small, scattered rounded

elevations about 0.05-0.08 mm high. Further down
on the branchlets distinct spines develop along the

ridges (Fig. J, top). Although the spines are not

strictly uniform in size or shape throughout the

corallum, rhey generally become longer as the

dtametet of the branchlets and branches increases.

Many spines typically have a relatively sharp apex

and a flared base (Fig. 2); however, others are more

blunt, and some even have a swollen or knob-like

apex. On branchlets 0.6-0.8 mm in diameter, the

spines are usually 0.10-0.15 mm high; on branches

0.8-1 .0mm in diameter, they are usually 0.15 to 0-20

mm high (but up to 0.25 mm in some places). They
are arranged in 5 10 6 rows (one row per skeletal

ridge) with 4-5 spines per millimeter in each row.

Generally, the ridges remain relatively narrow with

a single row of spines. On the thicker branches more
longitudinal rows of spines develop. On a branch

1-2 mm tn diameter (excluding spines), rhc spines

are about 0.3 mm high, 5-6 rows of spines can be

seen in one lateral view, and there are about 3-4

spines per millimeter in each row. The height of the

spines near the base of ihe stem (diameter 2.0 mm)
is about 0.5 mm, there ate 3-4 spines per millimeter

in each row, and about 11 very irregular rows of

spines can be seen in one lateral view, The rows are

separated bv wavy Unci, ol coenenchyme which
intersect one another at varying intervals. On the

second specimen (basal stem diameter about 3mm),.

the spines reach a maximum size of about 0.4 mm,
and as many as 17 rows of spines can be seen from
one aspect. In the illustration given by Brook (1889:

pi. 10, fig. 8) there appear to be about 38 or more
rows aroutid the entire circumference of a branch

from near the base of the corallum.

The polyps arise from the coenenchyme in the

grooves formed between the skeletal ridges. Their

arrangement on the corallum is not strictly regular,

although it is generally bilateral. On some
branchlets a regular alternating pattern can he seen

with the polyps spaced about 5 mm apart.

Occasionally the polyps occur in nearly opposite

pairs. In the latter case there can be as many as 6

polyps per centimeter along the branchlets. The
condition of the polyps in both specimens is poor
and allows for only a rough estimate of their size.

They appear to be no taller than about 2-2.5 mm
(including tentacles!. The body column is about LO
mm in length and about 0.5 mm in diameter at the

base. As noted by flrook, the polyps do not appear
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Fig. 2. Dendrobrachia fallax Brook, axis. Stereoscopic views of axial spines, SEM.



RLDlSCOVfcRY OF THt ENIGMATIC COELENTERATE DENDROBRACIUA

TABLE 1. Morphometries for Dendrobrachia spp.

Parameter

Corallum:

Stem diam. /height {%)

Branchlets:

Maximum length*" (cm)
Diameter (mm)
Avg dfet. apart' (mm)

Axial Ridges:

Number on branchlets

Aual Spines:

Number of rows per ridge

Number per mm per row'
J

Height of Spines' (mm):
Axis diam. <0.5 mm
Axis diam. 0,6-0.8 mm
Axis diam. 0.8-1.0 mm
Axis diam. 1.0-2.0 mm
Axis diam. >2.0 mm

Polyps:

Maximum height' (mm)
Number per cm
Pairs of pinnules

faiiax

1.2-1.5

5,6,7

Specimen may be part of a larger colony.

Unbranched branchlets, rarely longer.

On the same side of the axis.

Most common condition italicized.

Height of spines very variable, commonest sue ranges shown.

Including tentacles.

As reported by Thomson (1910)

paucispmo

1.1-1.7

6,7,8

multispina

0.7a

ca. 3 ca. 3 ca. 3

0.5-0.8 0.4-0.8 0.4-0.5

9.4 9.0-9.5 13

1

3.4,5

0-1

3.4,5

1-2 +

4,5,6

0.05-0.10

0.10-0.15

0.15-0.25

ca. 0.3

ca. 0.5

0.00-0.07

0.07-0.12

0.12-0.18

0.12-0.25

0.1*6-0,12

0.10-0.25

0.26-U.32

0.25-0,40

2.5

3-6
6-7*

2,2
3-6
8-10

ca. 2.3

3 +

to stand out at righr angles to the axis, but rather

arc inclined distally.

Remarks: Thomson (1910) reported that the

polyps were often in subopposite pairs, with the

pairs spaced at intervals of two lengths or more

apart. He also noted that there were six or seven,

pairs of pinnules on the tentacles.

Distribution: Known from off Ascension Island,

777 rn. ("Challenger" Expedition), and from Cape

Verde Islands 394 m.

Dendrobrachia psuvispina sp. nov.

FIGS 3-8, 12-13; Table 1

Material Examined: Off the southern coast of

Western Australia: 125 nautical miles East of Cape

Arid, 34°03'S I I25 31'E, J01M020 m. F/V

"Adelaide Peart", 31 July 1988, Coll. K. Gowletl-

Holmes, K. Olsson, M. Cameron, syntypes; South

Australian Museum SAM H715, I spec; USNM
87769, 1 spec; about 80 nautical miles SW of

Pearson Island, 35°04'S, I33°35'E, 900-960 m.

F/V "Comet", 13 April 1989, coll. K. Gowiett-

Holmes, syntype: SAM H716, I spec; about 100

nautical miles due west of Whidbey Point, 34°49'S,

133°07'E. 884-859 m, F/V "Longva III", coll. K.

Gowlett-Holmes, 11 November 1989, syntypes:

SAM H728, 1 spec; USNM 87768, 1 spec

Description: Colony planar, loosely branched, with

some overlapping of adjacent branches; branchlets

bilateral and very irregularly alternate; highest order

branches usually not more than 3 cm long, 0,4-0,8

mm in diameter, on average about I cm apart on
same side of lower order branches. Six, occasionally

seven, rarely eight longitudinal axial ridges on

branchlets, increasing in number on thicker

branches. Spines sparse, often absent, arranged in

one row per axial ridge where present. Spines not

uniform in size and shape, but increasing in length

on larger branches; about 0.1 mm long on branches

1 mm in diameter. Polyps bilateral, in alternate or

subopposite pairs, 3-6 per cm.

Discussion: The type series consists of six

specimens, all of which are to some degree bent over



D. M. OPRESKO & F. M. BAYFR

Fig. 3. Dendrobrachia paucispina sp. nov. Syntype colony SAM H715.
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and twisied m the upper parr of the corallum, a
i-nn.lifion which may have resulted in part from
preservation and storage in small container! When
unfolded mlo what was probably its natural shape,

the lurgcst colony is about 45 cm tall and 15 cm
wide, with a basal stern diameter of 7.5 mm. The
smaJIcM colony is 15 cm tall and about 7 cm wide,

with a basal stem diameter of about 2 mm.

A colony Of medium size (SAM H7I5) is

described in detail This specimen is about 2fc cm
tall and 6 cm wide, and has a basal stem diameter

of 4 x 4.3 mm (Fig, 3). The branching pattern of

the corallum is generally planar with some
overlapping of adjacent branches The branching

is irregular to about the 9th order. The highest order

branching consist* of small, relatively thin

branehlels arranged in a very loose bilateral and
alternating pattern. The smallest unbranched

hranchlets range in length from 0.4- 3.0 cm fx -

1.47 cm, n - 23 K and they are 0.4-0.6 mm in

diameter. The average distance between the bases

ol tdjacent branchlets and/or branches on the same
side of a lower order branch is 9.0 mm (range 4-19

mm, n 30). The average distance between
adjacent branchlets and/or hmncbes on opposite
\nics v;4 8 mm (range 3-8 mm, n - % The branch

atltfcs (delineated by the distal side ol a branch and
the lower order branch from which ii arises) are

generally greater than 45"

At the tips of the smallest branchlets, the axial

skclcion consists of six, occasionally seven, and
rartly tight narrow longitudinal ridges separated by
drop, u-snaped grooves (Fig. 4, lop). The ridges

increase in number on the Thicker, older parts of
tl.L- corallum (fig. 4, bottom), are present on the

stem and also faintly visible on the upper part of
the hold Fast, On branches 2-3 mm in diameter, 12
or more ridges can be seen in one lateral view

Over most oF the corallum, and particularly on
branches less than t mm in diameter, the skeletal

tldgcs arc smooth (Fig, 5, top); however, in some
places scattered spines occur in a single row along
sevwil of the ridges. On the smaller branchlets they

take the Form ol' small rounded elevations (Fig. 5,

bottom); on the older branches they are more spine-

Ihkc (Fir/. 6). Where present^ the spines occur on only
one oi a few ol the ridges and nevei on all the ridges

around the circumference oF the axis, Although
quite variable, the height of the spines is generally

about 007 mm on a branchlet 06-0.8 mm in

diameter. 0.07-0.12 mm on hranches abom 0.8-1.0

uiiii in diameter, and 12 to 0.18 mm on branches
1.0 2.0 mm in diameter. There are usually 3-5 spines

per millimeter in each row Spines are also found
at the Issue of several of the small branchlets which
arise directly from the stem or lluckcr branches. In

these cases the spines can be 0.25 mm or more in

height.

R>lyps are present throughout the corallum, They
are not arranged iu a strictly regular order but arc

more abundant on the lateral and front sides of the

branches (relative to the plane of the corallum). Oil

many of the larger branches a narrow band of
coenenchyme without polyps extends down the
middle oF the posterior side. On the branches the
polyps ate spaced irregularly (Fig, 7), sometimes
unilaterally, and sometimes bilaterally with
alrernating or opposite pairs. Most polyps arc about
5 mm apart, and there can be 3-6 polyps per

centimeter depending on whether they are placed
singly or in pairs. They arc usually inclined distal fy,

often with their adaxial side lying against the axis.

The largest polyps are about 2.2 mm tail (including

tentacles); the body column is about I mm in length

(Fig. 8). On several polyps in which the ten'aclcs

were adequately expanded, 8-10 pairs of pinnules
could be seen on each tentacle.

The remaining specimens in the type series are
similar in most morphological features to the one
described above. All the colonies have a typical

planar branching pattern, with the highest order
unbranched branchlets being not more than 3 cm
long and spaced about t cm apart in a very loose
bilateral and alternating fashion, In the larger

colonies, there are infrequent fusions of some of
the lower-order branches and the larger branches
and stem have a distinctive golden, somewhat
iridescent sheen.

From specimen to specimen, and even within a
single colony — from branch to branch —
differences can be seen in the occurrence, size, and
density of the a>ial spines. In the two largest

specimens (SAM H728 and USNM S7768). the
spines are overall slightly smaller and sparser than
those in rhc described colony, furthermore, spines
arc only rarely present on branches of about 2 mm
in diameter or more; however, the axial ridges

remain distinct and can be seen on both the
branches and the stem.

In another specimen (SAM FI728, height 30 cm,
basal stem diameter about 4 mm) spines are present
on all parts of the corallum including the stem and
basal plate; however, they arc not uniformly
distributed, are absent in some places, but present
on all the axial ridges in other places, This
variability in the occurrence of the axial spines Id

a characteristic feature of this species.

Remarks: Although the general form ol the

corallum of D. paucisptna sp. nov. is very similar
to that of D.fallaK this species can be differentiated

on the basis of the very sparsenumbcr and iclalively

smaller size of the axial spines fTable I). The
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Fig. 4. Dendrobrachia paucispina sp. nov., axis. Top, lateral view of terminal twig; bottom, lateral view of larger

branch SAM H715. Stereoscopic pairs, SEM.
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Fig. 5. Dendrobrachia paucispina sp. nov., axis. Lateral views of terminal twigs, SAM H715. Stereoscopic pairs, SEM.
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Fig. 6. Dendrobrachia paucispina sp. nov,T axis. Lateral view of larger branch, SAM H715. Stereoscopic pair, SEM.

complete absence of spines on many parts of the

axis is quite distinctive. Where present, and for

branches of similar thickness, the spines in this

species are only about one-half as large as those in

D. fullax. Although in both species the smallest

branchlets most commonly have six primary axial

ridges, in D. paucispina sp.nov. there are

occasionally seven and sometimes even eight ridges

present. In contrast, in D. Jaliax there are

occasionally five or seven ridges on the smallest

branchlets. The polyps in D. paucispina sp. nov. and

D. fallax appear to be similar in size and number;

however, there is some evidence suggesting that the

number of pairs of pinnules on the tentacles may
be different in the two species. In this species there

are eight-ten pairs of pinnules per tentacle.

According to Thomson (1910), there are only

six-seven pairs per tentacle in D. fallax.

Distribution: Known only from the Great

Australian Bight, 884-1020 m, on the continental

slope.

Dendrobrachia multispina sp. nov.

FIGS 9-11, Table 1

Material Examined: Straits of Florida, west of

Cay Sal Bank, Bahamas, 23°51.9' N, S0 Q42.7'W,

1080-1089 m, R/V "Gerda"Sta. 1111, 30 April 1969,

Holotype, USNM 87770.

Description: Colony planar, very sparsely branched;

branchlets bilateral, very irregularly alternate;

highest order branchlets usually not more than 3

cm long, 0.4-0.5 mm in diameter, on average 1.3

cm apart on same side of branches. Five

longitudinal axial ridges on branchlets. Spines in

rows on axial ridges, one row per ridge on smallest

branchlets, multiple rows on larger branchlets and

branches. Spines not uniform in size or shape,

becoming tall and acicular on larger branchlets and

branches; about 0.3 mm long on branches about

1 ram in diameter. Polyps mostly bilateral and

alternate, 3 per cm.

Discussion: The type specimen lacks a basal

holdfast and may have been broken off a larger

colony. The upper portion of the specimen is bent,

perhaps due to preservation (Fig. 9). With the

branches straightened and extended vertically, the

corallum is about 19 cm high and 7 cm wide. The
diameter at the basal end of the "stem" is 1.4 mm.
The colony is very sparsely and openly branched

in an irregular bilateral fashion. The average

distance between the bases of adjacent branchlets

and/or branches on the same side of the lower order

branches is 13 mm (range 8-21 mm, n - 24). The



REDISCOVERY OF THE ENIGMATIC COELENTERATE DENUROBRACHIA

Fig. 7. Dendrobrachia paucispina sp. nov. Tip of terminal branch with polyps intact, critical-point dried, SAM H715.
Composite stereoscopic pair, SEM.

average distance between adjacent branchlets

and/or branches on opposite sides is 6 mm (range

1-16 mm, n - 22). The branch angles are mostly

60c or more. The smallest unbranched branchlets

range in length from 0.7-3.1 cm (x" = 1.5 cm, n

= 12) and they are relatively stiff and straight. They

are about 0.4-0.5 mm in diameter.

At the tips of the smallest branchlets, the axial

skeleton consists of five narrow longitudinal ridges

separated by wide v-shaped grooves. For a distance

of 0.5-2 cm from the tips of the branchlets the

ridges are smooth or have only small irregularly

rounded or triangular elevations which are generally

not more than 0.07 mm high (Fig. 10). With
increasing thickness of the branchlets these develop

into spines which eventually become relatively tall

and acicular, the ridges become wider and lobe-like,

and the grooves become relatively narrow (Fig. 11,

top). Multiple rows of spines develop on the surface

of the enlarged ridges. In some places two relatively

straight rows of spines are positioned along the

edges of the ridges adjacent to the grooves with

additional irregular rows or scattered spines

occurring between the edge rows. Overall, the axis
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Fig. 8. Dendrobrachia paucispina sp. nov. Single polyp, critical-point dried, SAM H7I5. Stereoscopic pair, SFM.

becomes quite spino.se; however, remnants of the

five primary grooves, although quite narrow, remain

recognisable, even at the base of the corallum.

The spines are not uniform in size or shape from

branchlet to branehlet. They stand out at right

angles to the axis and often are slightly crooked.

The height of the spines is 0.10-0.25 mm on

branchlets 0.6-0.8 mm in diameter (Fig. 11,

bottom), 0.26-0.32 on branches about 0.8-1.0 mm
in diameter, and up to 0.4 mm on branches 1.0-1.2

mm in diameter. The largest spines are relatively

narrow, about 0.05 mm in diameter at their center.

There are usually four or five, sometimes six spines

per millimeter in each row. Occasionally the spines

are slightly more developed at the base of small

branchlets arising directly from the stem and thicker

branches.

Polyps of this specimen are poorly preserved.

They are arranged irregularly, in a somewhat
bilateral pattern. There appear to be about 3 per

centimeter. The largest polyps are about 2,3 mm tall

(including tentacles); the tentacles are about 0.8-1.0

mm long.

Remarks; In size and general appearance D.

multispina sp. nov. is similar to D. fallax and D.

paucispina sp. nov. All have a somewhat planar

corallum with rather irregular, but generally

bilateral and alternating branching. The branching

of the corallum of D. muttispina sp. nov. is slightly

more sparse and open, but this may not be typical,

considering that the specimen may only be part of

a larger colony. The taxonomic character in which
this species differs consistently from the other two
species is the greater development of the axial

spines. In this species the spines on the larger

branchlets and branches develop in multiple rows

along the axial ridges, whereas in the other two
species there is only one row of spines per ridge.

The spines in D. muttispina sp, nov, are also

relatively larger and more crowded together than

in the other two species (Table 1). In addition, in

D. muttispina sp. uov. the number of primary
skeletal ridges on the branchlets is consistently five

throughout the corallum, whereas in D. fallax it is

usually six, occasionally five or seven, and in D.

paucispina sp. nov. it is usually six, occasionally

seven, and rarely eight,

Distribution: Known only from the type locality.

Anatomy and Histology

Anatomy and histology have not been described

for very many species ol Octocorallia, and much
of the published information deals with a few
pennatulacean species. Hickson (1895b) described

the anatomy of Akyonium digitatum Linnaeus,
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Fig. 9. Dendrobrachia multispina sp. nov. Holotype colony, USNM 87770.

Bouillon & Houvenaghel-Crevecoeur (1970)

described the anatomy and histology of Heliopora

coerulea (Pallas), and Bayer & Muzik (1976a)

described the general structure of the solitary

Taiaroa tauhou Bayer & Muzik.

Among the gorgonaceans, the structure of

Pseudopiexaura crassa Wright & Studer was
investigated in considerable detail by Chester (1913),

and that of Plexaura homomalla (Esper) by Bayer

(1974). The anatomy and histology of those species

conform in general with those of all other

gorgonaceans the structure of which has been

described.

The anatomy of the polyps of all rnonomorphic
octocoral species and of the autozooids of

dimorphic species is remarkably uniform. As this

basic form has been described and illustrated

adequately in general treatises (e.g., Hyman 1940;

Bayer 1956) as well as in specialized accounts

(Hickson 1895b; Chester 1913; Bayer 1974; Bayer

et al. 1983), it need not be repeated here. The polyps

of Dendrobrachia conform to the general

gorgonacean pattern. Paraffin serial cross-sections

of a polyp of Dendrobrachia paucispina sp. nov.

clearly show that the general form corresponds to

the usual gorgonacean pattern, differing in only
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Fig. 10. Dendrobrachia multispina sp. nov., axis. Lateral views of terminal twig USNM 87770. Stereoscopic pairs, SEM.
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miMor details. As the specimens were not prepared
with anatomical and histological investigation in

mind, fixation is adequateonly for demonstration

01 >'iosn anatomy and a. very superficial

investigation bf histology.

from Fig. \2 it is dearly seen that the polyps of

OendmbrachiQ have the usual tour couples of

complete mesenteries and a single siphonoglyph,

The arrangement of longitudinal retractor muscles

is, ats usual, on the sulcal face of the me-semene;*,

but the retractors o! the asulcal and sulcal

mesenteries art relatively weak (at least at the level

of the body that was -sectioned) and development
of mesogloeal plates on the asuiaeal .side of the tour

lateral niesemeries (Figs 12, 13) is a clear indication

that muscle fibers are present on both faces of at

least the lateral mesenteries,

The siphonoglyph is well developed and the

epithelium of the pharvnx at its upper end is thrown

into about 10 longitudinal folds, similar to the
condition in Alcyonunv observed by Hickson
0895b). These seem 10 fade out proximad, where
tlicvvive way lo transverse folding of the pharyngeal

wall probably related to shortening of the pharynx
resulting from comraenon.

The epidermis (Tig, 13) is composed of the usual

tall, obeonic cover cells (cf Crmsrer 1913; Bayer
1974). thrown into conspicuous lobes and covered

by delicate cuticle, which in many places has been
torn off during processing. Nematocysts ol

unknown type but piobably atriehous isorhtzasare

very widely scattered in the epidermis of the body
waif, not densely clustered in batteries as is the case

in Antipathana (van Fesch 1914),

The mesogloea of the body wall of tbe polyps

is unusual In that it appears to consist of two layers

the inner stained pink as usual in hacmatoxyluv
eosm, the outer, somewhat thinner, dark purple.

However, as disruption of tissues during the

sectioning process separates the two layers here and
there, it is more likely that thedarklv stained outer

layer is, In fact, a basement membrane of the

epidermis.

The gaMrodermis ol the body wall is unusually

thick, in some places nearly or quite as thick as the

epidermis, and composed of elongate, spindle-

shaped cells. In the immediate vicinity of the

mesenteries, narrow ridges of mesogloea extend into

Hie yaMrndermts, strongly suggesting the presence

of longitudinal muscles.

Affinities within the OcliHurailla

It is not uiMCJMlicuni that the curator of
invertebrates of the South Australian Museum
associated Dendrohra<h<o with CPirvsogorxia.

Often, superficial similarity may reflect mote
fundamental relationships,

The absence of calcareous seleritcs in

Dendrohruchia eliminates one of the classic

characters in gorgonacean classification, leaving

only the nature of the axial supporting skeleton as
a clue to relationships. Among the gorgontans. only
two species of Trtchogorgia lack seleritcs. one of

I hem having been the basis for the gemts
Malacogurgia and family Malacogorgitdae
(Hickson 1904). Apart from the complete absence
of calcareous skeleton, Malacogorxio eapensis is

jdemical to Trichogorgio fUxtiiS and both have long

been placed in the family Clirysogorgiidae on the

basis of the typical chrysogor&iid scleriies of 7T

flexUis (Kiikenthal MQ4| Bayer & Muzik I97nb)

D'khogorgia viola Deichmann, 1936, from the Gulf
of Mexico is morphologically similar and also has
sclerites of the ehrysogorgud type, Colonies of
Triehogorxta tyra Bayer & Muzik, l

l>76, from the

southwestern Caribbean, which are not unlike
Malocogorgia ( -Ttuhogorgta) pnpensis in some
respects, like it lack sclerites but have calcareous
deposits in the asis,

Gorgonacean families with an unjointed, move
ot less calcified axial skeleton without a hollow core

are Primnoidae, Ellisellidae, IfaJukellidae, and
Clirysogorgiidae. Among these, only Trichogorgia

eapensis in ihc Chrysogorgjidae has an axis devoid
of calcareous deposits.

The axis of Dendrobrachta Jacks calcification as

well as a hollow core, thus resembling that of

\Ialacognrgiu { ^Trichogorgia) vapensis and, like it,

also lacks selerires. Some species of Plumlgorgiu
are very scantily provided with sclerites of very small
si/c and considerably diflerent from the prevalent

clirysoRorgiid type, and Ifaluketla yartii Bayer has
so few as to be virtually sc terue-frce. However, both
genera are inhabitants of shallow, reef-associated

waters, and lite axis in both develops a strong, even

massive, calcareous holdfast. In the case of
(fa/uke/iu, the holdfast has conspicuous
longitudinal grooves and ridges that are sharply

serrate or laciniatc. but the arborescent part of the

axis is only weakly ridged, as in many other

gorgonacean genera (Bayer 1955). The holdfast of
Dendrobrachtu is not calci fled and forms a

minimally spreading encrustation on solid objects.

Anatomically, the polyps of Dendrobravhia agree

with those of Chrysogorgia^ Siephnno%argia>

Trichogorgia and (falukeJla. Unfortunately, the
anatomy and histology of those genera have not
been described, hut direct comparison with serial

sections of Chrysoxorxta ele#at\s (Verrill),

StepH&togotyta Jaulkm-ri (Bayer), Tn'chogorgia tyru

Bayer & Muzik. and ifalukelta vumi Bayer reveals

similar features,
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Fig. 11. Dendrobrachia multispina sp. nov.

USNM 87770. Stereoscopic pairs, SEM.
axis. Top, lateral view of larger branchlet; bottom, axial spines of same
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In spite of the general similarity of the polyp*

of Dendtohruchia with those of the unuilcil'ied

species of Chryosogorgiidae, the unique nature of

the axial skeleton convinces us thai the ftjiuhv

Dendrohraehiidae Should be maintained., at least

until material becomes availably fur a more
comprehensive investigation and comparison of
anatomical and histological features of all rhe

species involved.
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THE DISPERSED CUTICULAR FLORAS OF SOUTH AUSTRALIAN
TERTIARY COALFIELDS, PART 1: SEDAN

BYA. /. ROWETT*

Summary

Dispersed cuticles were recovered from the three seams of the Sedan Coalfield and sixty-two

parataxa have been identified. The floras of the two younger lignite seams are distinct from the

underlying lignitic clay. The lignites are dominated by Proteaceae cuticle types with one cuticle

type, identified as the cuticle of Banksieaephyllum laeve, i.e. Banksieaephyllum aff. B. laeve in

abundance. The older lignite seam is distinguished by a large monospecific Myrtaceae component

and a cuticle type identified as aff. Agathis (Araucariaceae). Other families represented in both

seams include the Casuarinaceae, Elaeocarpaceae, Myrtaceae and Podocarpaceae. The flora of the

under-lying lignitic clay is dominated by Lauraceae cuticle types.

The presence of Banksieaephyllum aff. B. laeve in the Sedan lignites suggests either an Oligocene-

Miocene age for the lithotype or a longer stratigraphic range (extended lower limit) for the leaf-

fossil.

KEY WORDS: Paleobotany, Tertiary, Eocene, dispersed cuticles, Sedan, South Australia
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THK DISPERSED CIRCULAR FLORAS OF SOUTH AUSTRALIAN TKKTIARV
COALFIELDS, PART 1; SEDAN

by A. I. Rowett*

Summary

Ruwtn, A. I. (1991) The dispersed eutieutar Horns of South Australian Teoiaiy Coalfields Part 1 Sedan.

Trans, R. Sot: S, Aust, 115(0, 2\-V\ V May, VW1.

Dispersed euiielcs were recovered from The three scams or' rhe Sedan Coalfield and sixty-two paraiaxa

have been identified. The floras of ihe two younger lignite SeEftfu) arc distinct from the underlying liguittc

clay. Ihe lignites are dominated by f'roteaceuc cuticle types with one cuticle type, identified as the cuticle

ol B(mk*tenephyllutn {neve, i.e. Bank*teaephyllnm aft. B, facvr in abundance. The older lignite warn is

distinguished by a larjje monospecific MyUaeeae component and a cuticle type Klenittied as aff. 4e*WA«;

(Anutcariaceae). Other families represented in both seams include ihe Casuarinaecac, Hlaeocarpaecac,

Vtyriaccac und Podncarpaeeae. Ihe Horn of the undei-lying (tgntikctay is dominated by Lauiaceae cuticle

types.

I he presence of Hunksicaephytlum afi\ Jt law in the Sedan lignites suggests either an Oligocene-Mioceiie

age lot ihe lithotype or a longer snatiuraphtc range (extended lower limit) for the leat-t'ossil

Krv WnRnv Paleobotany. Tei'iuiiy. Eocene, dispersed vmicles, Sedan, South Australia

Introduction

I here arc numerous coalfields found throughoui

South Australia ranging in age from Permian to

Tertiary. The Ternary deposits represent large

resources of low-rank eoal (lignite) of Middle to

Lttle Toeene age that are distributed throughout

•>edirr)entar\ basins in the southern part o( the State

(S.A.D.ME. 1967k These deports include the

LochicI, Clinluik Heauforl, Bowmans and
Whitwana deposits of the Northern St Vincent

Basin, Kin.gsion in the south-east and rhe Anna and

Sedan deposits on the edge of the Murray Basin.

Three ol these localities, Sedan, Lochicl m<\
Kingston^ are the subject ol" this study.

Previous dispersed cuticle investigations, the

majority of which have been undertaken in the

nonhern hemisphere (e.g. Peters 1963; Schneider

1969. Kovach & Dilcher 1984; Rowett I9S«S'1 have

revealed thai lignites generally contain an-

abundance of cuticle fragments which can be

assigned to cilher natural or form tava. These data

may subsequently provide information about the

source vegelation associated with the formation of

the specific lithotynpc as well as the past environment

and climale. Such information is currently being

uunI by the Eiulhpr in the correlation and dating

o\ coal deposits.

The Sedan coalfield is located 75 km nonhead
of Adelaide [34* M". 139- 1 IS'} on the margin of

Dcpt of Boianv. University of Adelaide, G.PA Rox^9«,
Adelaide. S- Ana, 5001."

Roweit, A I (1086) MegafOMil and MiLrofossil Florae

of ihe Curlew Koundation. GujecnSlanit Ph.D thesis,

Uouny Depu University gf \delaide. Unpubl.

Ihe Murray Basin, between the Mount lofty Ranges

and the Rivet Murray <Hg. J). Exploration in the

vieinily of Ihe nearby Anna deposit dates hack ro

the 1920's but it was not until 1979 that the Sedan
lignite was discovered. The deposit lies in a noi lb-

trending trough 5 km wide and 15 km long unci

comprises Iwo main lignite scams. The upper seam,

which is Ihe most economically viable, is continuous

and up-io 8 m thick. The lower seam is lenticular

and averages 5 m in thickness (S.A.D.M.E. 1987).

lerttary Ibramintferal brostratigr3phy (McGowrait

1989} and a preliminary palynoIogic.'U analysis (N,P

Alley, S.A.D.M.ti. pers. coitim.) have dated the

lignites as I ate Eocene Olrgocene,

Materials and Methods

Drill core samples from both seams and the

underlying lignitic clay taken from Sedan core CSR
C074B (7.5 cm diameter), housed in the

S./V.D.M.E. core library are used in this

investigation. Examination of these samples

revealed considerable amounts of heavily

carbonised dispersed cuticle and wood fragments.

Cuticle fragments were extracted from lOOg of

matrix by modifying the maceration technique

outlined by Cbrisitiphel ci al. (19K7) to include an

additional preliminary step whereby the crushed

sample is placed in warm Schulzc solution for

approximately four hours prior to a dilute (50%)
hydrogen peroxide solution step. The use of an

additional oxidizing step assures the removal of any

organic material from the cuticle and makes
possible more accurate identifications and
descriptions of cuude types. The cuticle fragments

were collected by passing ihe maceral through a
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single fine- pore sieve < 150 fitti diameter pore), The
use of a multiple sieve series was considered

unnecessary hecanse of 'he small ninge >n fragment

size; none ol the cuf teles were greater than 2 nun
,

nomination of the cuticles revealed that no single

cuticle paralrxon was size specific.

Only cuticle types (parataxa) that displayed

stomates were considered in the overall analysis as

the stomatal features are often diagnostic of a

particular plant family, thereby greatly improving

the chances of determining the modern affinities

of fossil cuticles.

Five replicate samples of 200 cuticle fragments

each (Rowetl & Christophel 1990) were obtained

from core material recovered from three depths,

54.8 in (upper seam), 67.5 ru (lower seam) and
75.3 m (lignitic clay). The frequency data presf

for both individual parataxa and modem larnilies

(i.e. table 1) is a percentage calculated from the total

of Ihc five replicates oi each hthorype.

The Dispersed Cuticle Horn

The three samples that contribute to the Sedan
cuticle flora arc separated by substantial intervals

(approx. 10 m) of barren sediment (K. Wiggles-

worth, S.A.O.M.h. pers. eornm.).

Liqnilic Clay: The flora of Ihe basal lignilic clay

is dominated by the Lauraccac which forms S3j09£

of the total cuticle sample (Tabic I). This

component is particularly diverse, containing II

parataxa, of which the most frequent are purataxa

No. AA 006 (30% of total sample. Pigs 4 A 5) and
No, S5 005 (19% of total sample; Figs 6 & 7). A
number of these Lauraccac parataxa show possible

affinities to the extant genera rjuliundra and

Crypmcaryo In Enrfiunrfra the epidermal cells are

angular in appearance with irregularly thickened

anticlinal walls, stomates arc generally elongate with

narrow bill prominent eulicular scales K'V No. AA
007, Rg. 2). These scales lie between the sunken

gQVrd cells ;ind the overlying subsidiary cells.

Crvpfocatyo is generally characterised by epidermal

cells with smooth anticlinal walls of uniform

thickness, Stomates are generally rounded with

prominent rcniform cuticular scales. These scales

arc dark staining and give a butter fly-like

appearance to the slornala (No. AG 005, Fig 3).

The Myrtaceae component ('}.)' $ ) is represented

in rhc flora by the cuticle types No. LC Oil (Figs

8 & 9) and No. S5 004 (Figs 11 & 12), with the latter

beina IfeC mosi abundant The most distinctive

cuticular feature of the Myrtaceae is the oil gland

lid ceil, These cells, which may occur on either/or

both cuticular surfaces, are generally isodiamelric,

divided by a curved to sinuous sinus, sut rounded

by a numbet of concentric circles of radially

arranged epidermal cells and display some degree

of cuticular thickening.

Fatcutifotium aff. f. oustrods Greenwood (Ftgs

M & 14) is the principal contributor to the small

Ftodbcarpsppac component (0.8%). Theparataxon
is suggested as having an affinity to halcotij'oliuni

ctusfra/i? on the basis of the circttlaj appearance of

the -toniaia, a teature considered lu be distinctive

by Greenwood <1987) (
who first identified the

species from the Upper Middle Loeene fossil flora

nl the Auglesea locality. A very small Proteaceae

component (0.2'v > is also present in this lithotyiv

Luwcr htgftke SeCNfti The cuticle flora of the

lower lignite seam is stgnificanily different from thai

ol the underlying clay. The most obvious differences

imlude the replacement of the Lauraccac us the

pi nieipal flonstic component by the Proicaceac the

LOCALITY POD ARAUC MYRT ELAEG PROT LAUR CAS OTHERS

SEDAN
54.68 m 2.1

SLOAN
67.50 in 3.0

SEDAN
75.10 m BJ8

2.0

8,4

14.5

3.1

1.3

90

0.4

93.0

40.4

0.2

0.7

0.5

I M

Q l

5 29.6

12.5

Fij 1, Map showing ih( CXlcni and thickness of liynite iii the Sedan deposit. Tlte town of Sedan i& 5 ou,ii c d jh L .vt

the deposit. Inset: M;ip oi eastern Australia showing the locution of Hie Sedan, Lochiel ami Kingston coal i.xaiiiic*.

relative to the Tertiary Mcgafiv.Ml localities of Golden Grove (Loeene), Anglesey llEoeencI and Vatiinnn [QllgOCWte)
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piL'-cncc of an Araucariaceuc and Casuarinaceae

component and increased abundances in the

Mynaeeae and Podocarpaeeae components. The
hlaeocarpaeeae is present for the first tame.

As stated above, the flora is dominated by the

Protcaecae with parataxon No. Si 001 the major
contributor. I'arata.xun No. SI 001 (Figs 17 & J8)

fms p very distinctive cuticle with slightly rai.sed

brachyparaeytic stomates, .small simple hairs

associated wilh a single epidermal cell which are

common over the stom^meron* surface and large

nmltieellular hair bases. These features are

characteristic of the cuticle of the fossil leaf genus,

llunksieaephyflum (Proteaceac). The genus was fust

used to describe six fossil leal species, i.c. R
aygu&tuirt, B. acuwtntttuin, B, ia?\>et ft obovatum,

& pitinatum and & fastigaruni with affinities to

the modern genera Bunksia and Dryandra
f( 'itokson Si Dtiigan 1950). These leaves were

recovered from the Oligocene aged brown coal seam
at Yalloutn, Victoria. At present eleven species of
Bunksieaephyllurn are recognised. These species

havx- all been recovered from southeastern

Austialian localities ranging from fcarly Eocene to

I :»iiy Miocene in age and include, the Middle
Eocene Mashn Bay deposit (Blackburn 1981; Hill

& C'hiisiophel 1988), Early F.occne Deans Marsh,

late Middle Boce-ne Anglesca, Middle Eocene
Golden Grove. Lute bocene-Olijyocene Ccthaua,

Middle-Late Eocene Loch Aber, Ohgocene Pioneer,

Oligocenc-Early Miocene Loy Vaog (Hill &
Christophel 1988) and Miocene Morwell (Blackburn
1985-'). Of the eleven described species, cuticle of

Banksieuephytlutn !ae\e froui the Yallourn Oligo-

cene brown coal flora (Cookson & Duigan 1950)

and Miocene flora of the Morwell seam at Morwell
most closely resembles parataxon No. SI 001.

I he increased Myriaceac component (14.5%) is

represented in the flora by a single parataxon No
S3 001 (Figs 15 & 16>. This parataxon only occurs

in this lithotype and is distinct from the other Sedan

Myriaceac by the robust nature of the generally

larger euucular features.

The Casuarinaceae component, although a minor
contributor to the overall florae is important in that

the presence of the parataxon No. DM 007 (Figs

1° & 20). Identified as Gvmnuxtomu is the first

dispersed cuticle record of the occurrence of this

well known Tertiary genus outside of eastern

Australia. The cuticle of this parataxon is very

distinctive with stomates oriented perpendicular to

the longitudinal axis of the epidermal cells, The
stomales may have one or two lateral subsidiary

cells. The genus was first reported from the

Anglesca deposjt by Christophel (1980) as a

megafossil of the Casuarinaceae, Division

Gymnostomae, and has since been discovered in the

floras ol a number of Tertiary plant fossil localities

which Tange from Middle Eocene to Miocene and
include Deans Marsh (Middle Eocene), the Curlew
Formation [Middle Eocene), Moranbah (Middle

Eocene; Scriven & Christophel 1990), and Yallourn

and Morwell open cut mines (Oh'gocene-Miocene,

Blackburn 1985). Gymnostoma cone impressions

have also been identified In the stleretes of the Eyre

Formation (Late Palaeoccne-Eocene), Willilinchina

Sandstones (Eocene) and Etadunna Formation
(Oligo-Miocene) (Greenwood et at.%

Paraiaxon No. AWT 001 (Figs 21 & 22), the sole

representative of the Araucariaceae component Is

only found In this lithotype and may therefore prove

to be a useful local stratigraphic indicator This
cuticle type is tentatively assigned to Agathis on the

basis of the oblique orientation of stomaia and the

curved lo rounded nature of the epidermal cells,

The large Flaeocarpaceae component (9.5*^ ) is

represented in this liLhoiype by two cuticle type*

Nos. S3 004 (Figs 23 & 24) and S3 005 (Fig 25),

the former being the major contributor with WW
of the cuticle sample. Both parataxa occur for the

first time in the Sedan deposit Features of the

cuticle which are considered characteristic of the

family are the presence of hydathodes (Blackburn

1985), staurocyiic stoinates and a prominent,
narrow outer stoma tal ledge which bears small polai

extensions, termed an apiculaie outer stomatal ledge

by Wilkinson (1979)

:
Blaekburr», D. T. (1985) Pataeobotany of the Yallourn

and Morwell coal sc3ms Paleobotany Report No. 3,

State Electricity Commission of Victoria. Onpub!.
'Greenwood. D. R., Calkn, R., & Alley, N. F (1990)
Biofirahgtapfiy of the Caino/oie Maeroflora of the

southern Eyic Basin in South Australia. Report, South
Australian Department of Mines and Ppergy. Unpubt.

3-7. 2. Paojfuxon No. AA WTT, a fj', t'no'iandra, Lauraccac. The presence of prominent, narrow cuticular scales

and lingular epidermal cell* are fcaiua'i aMoe lined with the extant genus, Scale = 20 /*m 3. Paiaiavw No. Aj
fHU, trff, C'rvptocatya, Lauraceae. I he presence of piominem reinform to crescent-shaped euticulai scale* tix'. cs.

anowcdi which give the btemiaTrt apparatus a rnmerl'ly like appearance, siomatu and undulate epidermal cells arc

features associated with the extant genu*. Scale - 24 ^ru. 4. Parataxon No. AA006, iauraceae, showing stomal Herons
surface. Nore the sinuous nature of the epidermal celts and poral Oiehome bases. Scale = 20 ft \\\ t S Parai-ixon

No. AA flOiS, [.auryLCii^, shivwi.ia iht p;ir;n.>t i>; -Jr.rnaral arranpcrtienr and protninenl cuiicular Ncwles, Scale 12

Htt\. &. Paraiaxon No \A tJOH aff. Crvpiocurvo, Lauraceac, shCAVfluj stomal iferouir surface. Nott ihr smooih, UOtfttfmi)

thickened iuniclmal walls c>f iheepiderma) cells-. Seatc - 20/Jii. 7. Paraiaxon No. AA.008a(T, Vrsi>iutvryti, tauraeeae.
stiowiug paracyiic siotnalal nrranpcincni and crcieent shaped to rcuiforro cuiicular .calc-.. Scale - 20 ^.in.
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Although showing an increased abundance

(,3.0/r)i with the introduction of parataxon No. LB
009 (Fig, 2fi), the Podocaipaccac component

remains a ininot contributor al- this depth.

ParaPixon No. LE 009 is easily distinguished from

Fatcatifofiutn aft K austratis by the strong

buttressing of anticlinal walls of the epidermal cells.

Upper Lignite Seam: The upper seam flora, I?

the most diverse with 30 parataxa represented, the

majority of which arc recognised as having affinities

with the families, Protcaceae, lilaeocatpaceac.

Myrtaeeae, Podocarpaceae, Lauraccae and
Casuarinaceae. The Proteaceae dominates the flora

(93.0/r ) with two parataxa, BanksieaephyHum nN.

R taeve and parataxon No. Si 00? {Figs 27 & 28).

in particular abundance The only other families

of any significance in the flora are the

Podocarpaceae and Flaeocarpaoe^ie which record

frequencies o\ 2.1% and |j?% respectively. The

Podocarpaceae component shows an increased

diversity m this seam with sixparata-xa represented.

The paraiaxa which dominated the component of

the other floras, i.e. t-a/catifatium aff. E atisrrvtts

and parataxon No. L F 000, *c? again the major

coninbutors in this lithotvpe. The small Myrta^ae

component is marked by Hie reappearance o(

paiataxon No. LC Oil

Tour different cuticle types comprise the

Elacoearpaceae component with parataxon No.

AIT Oil the most abundant. Cuticles *4l«n from

mummified leaves ascribed by Clnistophcl &
Gteenwood (1987) to SloaneQ/Elazovacpus Imrn

Oolden Grove and leaf type "Serrate 1" described

t-,y i hnsiophel tt ul. \\9$1) from AngJesea are

identical (O those identified as parara.xon No. ALL
(HI ,u i he Sedan flora (Fig. 29)

Dispersed Cuticle Descriptions

The dispersed ciiiicle flora ofihe Sedan coalfield

is represented by t',2 cuticle paraiaxa but for the

[Jurpose of this paper only the principle cuticle

paraiaxa, siratigruphicallv Mgnificant paiataxa and

those with known modern affinities are described

here. Several of the parataxa have been prevails

Ideal tlied by tile author from otheT Eocene

localities. These and manv more are included in the

NERDPC reference catalogue of Australian F.oecne

cuticle types. All parataxon numbers are preceded

by an abPreviauoii of the type locality.

The terminology used in the description of Lht

Sedan cuticle parataxa has been derived from that

proposed by Siaee (1965), Dilcher (1974) and

Wilkinson |J98ll).

Cuticle Parataxon No. AA 007

MO. 2

Only the stomatifeio'b surface ityfts observed

Epidermal cells angular to rounded (tvpe t-J.

Wilkinson 1979), becoming elongate over ihev'- ire-

Cells 8-2*1 nm in length. 6-16 /an in width. Anri-

elUffll wall irregularly thickened, smootli (uniform

thickness) to slightly beaded. Pcriclinal wall

irregularly ihickcned. smooth t_r> finely granulate-

Stomata randomly oriented, uniform distribution

Stomata 16-24 /mi in length, 6-16 (ttd in Widlh.

Guard cells, sunken, cuocular thickening on poral

wall. Cuticular scales (i.e. labelled G5Z on Fig 1,

Kill 1986), prominent, narrow. Stomata I Arrange-

ment paracytic, Stomata! Index (S.I.) 114.

Subsidiary cells cells 2. Anticlinal wall, thin,

smooth, Pcriclinal wall thin, .smooth,

Trichome bases common, uniform distribution.

pural, 4-8 radially arranged surrounding cells,

cuticular thickening around pore extending alnuf

tadial wall ot surrounding cells giving stellate-

appearance.

Affinity; The parataxon is assigned to the

Lauraeeae, with a probable affinity to the extant

genus F.ndiundra. The modern Australian species

Of » his genus are characterised hy predominantly

angular epidermal cells with irregularly thickened

anticlinal walls, elongate stoniates with prominent,

though narrow cuticular scale*.

Cuticle Parataxon No. AC D05

EIQ 3

Only the slomatiferous surtace sva> obsei ced

Epidermal cells undulate to sinuous (type ?-5k
becoming elongate over the veins. Cells 20-40 plfl

m length, 12-20 #m in width. Anticlinal wall chin,

smooth. Pcriclinal wall irregularly ihickcned.

smooth to finely granulate <occasionall> finelj

slriate).

Stomata randomly oriented, uniform dtsinb'nimi.

Stomata 16-24 /an in length, 12-20 ffftl in wutlh

Ouard cells, sunken, cuticular rfefekfeulltg Oil poral

wall. Guard ccll'subsidisry cell wall not always

Pigs 8-lX M. farataxon No. LC 01 I. Myrtaeeae. The dark-staining subsidiary jells and ihe^iiuous nature ot ihtr epidermal

cells tfhWacMflBe this pHWSXOfl Identical in cuticular morphology 10 specimens inmi Loclud. Scale = 21' io\\

v. Paraiaxon No. LC 0IJ r Myrtaeeae, showing siaurocylic stomata! artangemeni Scale 20 ^rn 10, Specimen
ot Parataxon No LC Oil. Myrtaeeae from Lochiel, note the Kimt cuticular morphology as the Sedan cpceimeits

ami the pr&Se/tCe of an oil gland lid coll (i.e. k, arrowed). Scale - 20 ^m. II. Paramyon r\'a SS U04. Myriaeeuc

showing sumndal arrangement, Note the strongly striate pending! wall ol" ihe epidermal eelK SViilr - Hi
t
nn

12. Caramon No. S5 U04, Myrtaeeae, showing a heavily cutinized oil gland lid cell <lc 3nowcd). Scale '
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evident (in which case the stomatal width dimension

h taken as a measure across the two subsidiary cells*

instead of the usual guard cell width). Cuticular

scales, prominent, reniform to ere&ceut-shaped,

giving a butterfly-like appearance to the siomate.

Stomatal Arrangement paracytic, S.I. 6.2.

Subsidiary cells two. Anticlinal wall smooth, thicker

than lor epidermal cells and raised which produces

a cuticular fold that encircles and partially overlies

the stotrate. Pcriclinal wall thin, smooth.
Tnchome bases common, uniform distribution,

poral, 4-K radially arranged surrounding cells,

cuticular thickening around pore.

Affinity: The cuticle parataxon is assigned to

Lauraccae with a probable affinity to the extant

genus CryplocarytL The modern Australian species

of this genus are characterised by epidermal cells

with smooth anticlinal walls; shape is variable.

Stomates are generally rounded with prominent

reniform to crescent-shaped cuticular scales which

gives a butterfly-like appearance to the stomatal

apparatus.

Cuticle Parataxon No. AA 006

FIGS 4-5

Only the siomatlferous surface was observed.

Epidermal cells rounded to sinuous (lype 2-5),

becoming elongate over the veins. Cells 12-36 /im

in length, 8-20 /im in width. Anticlinal wall

irregularly thickened, smooth to ridged (Dilchcr;

J974). Penchnal wall irregularly thickened, smooth

ro granulate.

Stomata randomly oriented, uniform distribution.

Stomata 16-20 ^m in length, 8-10 /im in width.

Guard cells, sunken, cuticular thickening on poral

wall. Cuticular scales, prominent, narrow. S.J. 9.5.

Stomatal Arrangement paracytic. Subsidiary cells

2. Anticlinal wall irregularly thickened, smooth to

beaded. Fericlinal wall irregularly thickened,

smooth to granulate.

Trichome bases common, uniform distribution,

poral. 5-6 radially arranged surrounding cells.

euUcuJar thickening around pore.

Affinity; The cuticle is assigned to the Lauraceae

due lo the presence of paracytic sromatcs and
inconspicuous, sunken guard cells.

Cuticle Parataxon No. 55 005

FIGS 6-7

Only the stnmatiferous surface was* observed

Epidermal cells angular, becoming elongate over the

veins, Arcoles are well-defined. Cells 16-32 m in

length. B 20 m In width. Anticlinal wall thin,

smooth {occasionally buttressed). Penchnal wall

irregularly thickened, smooth to granulate to striate

Stomata randomly oriented, uniform distribution.

Stomata 18-24 m in 1ength> 16-38 m in width.

Guard cells, sunken. Guard cell-subsidiary cell wall

absenl (in which case the stomatal width dimension

is taken as a measure across the two subsidiary cells,

instead of the usual guard cell width). Cuuculai

scales, prominent, rem form to crescent-shaped.

Stomatal Arrangement paracytic. S.l. 8.6.

Subsidiary cells 2, Anticlinal wall thin, smooth.

Penchnal wall irregularly thickened, smooth to

granulate re finely striate. Stnations generally

perpendicular to the long axis of the sromatc.

Epidermal cells thai immediately surround the

stomate a/e occasionally dark-staining. Tnchome
bases are rare, only found over veins. Poral with 4-6

radially arranged surrounding cells. Bases are

thickened around liie pore.

Affinity: The cuticle parataxon is assigned to the

Lauraeeae with a probable affinity to the extant

genus Cryptocaryu due to the presence of epidermal

cells with predominantly smooth anticlinal walls

and remform to crescent -shaped cuticular scales.

Cuticle Parataxon No. LC01I
FJGS 8-9

Only the siocruttlfeious surface was observed.

Epidermal cells undulate to sinuous (type 3-3),

becoming elongate over the veins. Cells 16-32 m in

length, 10-24m in width. Anticlinal wall irregularly

thickened, smooth to beaded to slightly buttressed.

Periclinal wall thin, smooth.

Stomata randomly oriented, uniform distribution.

Stomata 16-32 m in length. 16-24 m in width.

Guard cells, sunken, T-shaped thickening and polar

rods present. Outer siumaral Icduc, prominent,

narrow, Stomatal Arrangement staurocylic (to

eycloeyfrcV SI. 10.6. Subsidiary cells 3-6. darker

staining. Anticlinal wall irregularly thickened,

Figs 1 3—IS 13. Parataxon Nu ABD 001. Fatvttufohum aff F. ausually Pochxarpaccac showing arrangement ol siornau

in short uniseriate row. Scale = 32 ^m. 14. Parataxon No. ABO (Mil. Fttkafifutium afl F uu\iruli\, Podocai puceae.

Note the sfi3pe ofthe subsidiary cells and the resultant circular appearance of stomata. Scale - 2* ,un. J 5. Parataxon

No S3 00], My Macrae, $JlQttJQg the stoinaiilerous surlaee. Note "tic dark-siaining subsidiary cc-lls. Scale 30 ^m.
16. Paiataxon No. S3 001, Myrlaeeae, showing an oil jdand liU cell (at rowed). No'e rde sinuotr- ua.iuie ol the (jtf

cell sinus. Scale - 30 urn. 17. Parataxon No. SI 001, BanksieaephylfHm all. ft lawe, Prtrt6a<2eatf, showing ihe

Monimiteious surface. Scale 20 pin, 18. Rirataxon No. Si 001, Bonkwaephyitum all. B jlfttte, Ptolcaecae, showing

ihe stomata! arrangement- Note the short, cylindrical papillae *rt presc-m on most epidermal cells. The .stomata

appear slightly raised above the cuticle surface. Scale - 17 fjtn
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smooth to bedded Periclinal wall thin, smooth.
Affinity: Myrtaceae. Alihougb oil gland lid uells

that are USttaJly found on myrtaccous leaves were

not observed on Fragments recovered from this

locality (he general articular morphology »s very

similar to that of specimens recovered from the

Loctliel coal held (Fig. 10) which are unequivocally

MyMacrae.

Cuticle Parataxon No S5 004
nc.s 1I-J2

Only the stomatiferous surlacc was observed.

Epidermal cells sinuous {type 4-6). Cells 12 3G /im

in length, 1 0- 28 /<rn in width. Anticlinal wall

irregularly thickened, smooth to beaded to ridged.

PericlinaJ waJI striate.

Siomaia randomly oriented, unifotm distribution,

Stomata 16-26 /uu lli length, 12-16 pm in width.
Guard cells slightly sunken. T-shaped thickening

and polar rods present. Outer stotnatal ledge;

prominent, narrow Stomatal Arrangement
staurocytic Subsidiary eelJs 3-5 more undulate in

outline. Anticlinal wall bended, radial wall often

absent or incomplete, Petielinul wall thin, striate,

Oil gland lid cells common, prominent, constricted

atsinu-s, sinus straight dark- staining, thicker cuiicje

than found over epidermal celts, dimensions 32-44

pm in Jeogth, 12-24 ptfl in width Lid cell

surrounded by a number of circles ot radial

arranged modified epidermal cells. Strialions

radiate outwards from lid cell

Affinity; The presence of oil gland lid cells and the

general stomatal morphology which include--:

features like a well-defined, circular guard cell

complex and a prominent stomatal ledge, indicate

the cuticle i> of the Myttaccae.

Cuticle Pararawn No. ABD 001

FIGS 13 14

Only the ^.imaiifcrous surlace was observed.

Epitfertrial cells angular (predominantly
rectangular) arranged in longitudinal rows oriented

paialiel 10 Ihe tony axis o( the leaf. Cells 32-68 /tin

in length, 20-64 fim in width. Anticlinal wall thin,

smooth. Ptriclmal wall granulate.

Stomata in poorly defined nniseriatc rows which
suggests the specimen is of the adaxial surlace ul

the leaf, The stomata are orienied parallel to ihe

long axis of the leal. Stomata 32-44 pm in lenuth.

32-40 fun in width. Guard cells, sunken, poral

thickening present. Outer stomatal ledge,

prominent, thick, broad with polar extensions OVQ
radial anticlinal walls Florin rings evident. Stomatal

arrangement paratetracytic, circular in appearance.

Subsidiary cells 4, crescent-shaped lateral cells larger

than wedge-shaped polar cells. Anticlinal wall ihin,

smooth- Periclinal wall irregularly thickened,

granulate to striate.

Affinity: The cuticle parataxon is assigned to

Falcotifolium (Podocarpaeeae), with a possible

affinity to the fossil species F austru/is. This species

was described from ihe Anglesea deposit by
Greenwood (1987) who noted the distinctive circular

appearance of the stomata, a feature also exhibited

by the Sedan specimens.

Cuticle Parataxon No. SI 001

FIGS 17-18

Hypostomatie, Adaxial epidermal cells angular

becoming elongate over veins. Cells 20-36 ^m in

length, 12-28 /Am in width. Anticlinal wall thin,

smooth. Pcrichnal wall irregularly thickened,

smooth to finely granulate Thehome bases

common, single to multicellular, up to 7 basal cells

heavily cutinued, iriehomc scar evident.

Cuticle thinner than on adaxiaJ surface. Abasial

epidermal cells (angular to) rounded to undulate

(type 3), becoming elongate over veins. Cells 16-40

/an in length, 8-16 Mm m width. Amiclitial wall

irregularly thickened, smooth (6 beaded, Pt-riciinal

wall irregularly thickened, smooth to papillate.

Papillae present on most epidermal cells, short,

cylindrical, truncate apes, up tn to /tm in length

Large papillae common, arise from multicellular

bases (2-eelled), basal cells heavily curtmzed, cuticle

of papillae also thick, up to 24 ^m in length, dome-
shaped Stomata randomly oriented. ualJorm
distribution. SI. 15.5. Stomata l«-24 /on in length,

12-22 /un in width. Stomatal arrangement
brachypaiaeytic Guard cells slightly raised, show-

Pigs td-25. IV. Harataxon No. OM 007, Gymrwstoma, Casuarinaceac The delicate nature of this cuticle makes recovery
difficult and Mornates are rarely preserved. Scale 40 ^m 20. Parataxon No. DM 007, Gvmnosttmu, CaMjariitaeeur.
a shghtl> hoiit-r pfttvfvfed tragment showing a segment of a numbct of stomatal rows. Note thf o^rp^noicular
orientation of the stomata relative to the intermediate epidermal cells. Scale - 20 fdiff. 21. Pi«r»ia*on No. AW F
001. all'. Aguihis, Araucariaeeuc Note the oblique orientation oi the stoniates .-ir.U < he ptoniittcni Florin rings
associated with Hie siumaies. Scale - 40 ^m. 22. Parataxon No. AWT 001, alT. Agathis. Araucariaceae, shotting
the siomaial amngwnewi and the darker staining Florin ring which overlies the subsidiary cells. Scale 30 |im
23. Parataxon No. S3 0t)4, Blaeocarpaeeae, showing stomaiiferous surface. Scale - 20 y<m 24 Paraiavon No. S_*

004, Ltaeocarpac£ac, showing the anomocytic and siauroeytiu stomata! ai rangemeni. Note the apiculaw outer stomata!
lodge, i.e- ledge with iiirall polar protrusions, on ihe guard cell*. Scale - 20 nm, 25. Parataxon No S3 tins
t hciicaipaccac, showing Ihe stomatiferous suifaee. note the staurocytic stomatal jrrangemem Sfcate 20 (ll \,.
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Figs 26-29. 26. Parataxon No. LE 009, Podocarpaceae, showing distinctive buttress thickening of the epidermal cells.

Scale - 40 fim. 27. Parataxon No. SI 003, Proteaceae, showing the stomatiferous surface. Note the broad, thick

stomatal ledge and prominent T-shaped thickening on the guard cells. Scale = 40 /*m. 28. Parataxon No. SI 003,

Proteaceae, showing the brachyparacytic stomatal arrangement. Note the prominent striations on the subsidiary

cells. Scale = 19 ^m. 29. Parataxon No. ALL 011, aff. Sloanea/Elaeocarpus, Elaeocarpaceae. The thin guard cells

are surrounded by, up to 6, dark staining subsidiary cells. Scale » 32 /im.

slight poral thickening. Subsidiary cells 2. Anticlinal

wall thin, smooth. Periclinal wall irregularly

thickened, smooth to finely granulate, slightly

thicker cuticle, slightly darker staining. Glandular

bodies present.

Affinity: The cuticle parataxon is assigned to the

Proteaceae on the basis of a brachyparacytic

stomatal and multicellular trichome base

arrangement. The cuticular features are identical

to those of the cuticle of the Yallourn open cut fossil

Banksieaephyllum laeve. The Sedan cuticle type is

therefore identified as Banksieaephyllum aff.

B. laeve.

Cuticle Parataxon No. S3 001

FIGS 15-16

Only the stomatiferous surface was observed.

Epidermal cells undulate (type 3-4). Cells 36-64 ^m
in length, 12-36 p.m in width. Anticlinal wall
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irregularly thickened, smooth 10 beaded. Periclinai

wait chin, smooth.

Stomata randomly oriented, uniform distribution.

Stomata 20-28 ^m in length, 24-28 juti in widlh,

Guard cells not sunken, granulate, small T-shaped

thickening present. Outer stotriatal ledge prominent,

broad, dark-staining. S.I. 14.6. Siomatat
arrangement staurocylie. Subsidiary cells 3-5, dark

staining. Anticlinal wall irregularly thickened,

smooth to beaded, Periclinai wall thick, smooth.
Oil gland lid cells rare, isodiametric, slightly

cx>nMric(ed at iinus, sinus undulate (2-3 wavesj„ up
to 10 scarcely modified to radially arranged

surrounding eelK dimensions 32-4R <*m in length,

40-48 pm in width.

Affinity: The cuticle parataxon has been assigned

to the Myrtaceae due to the presence of oil gland
lid oelfrof the lype seen on modern members of
[he family.

Cuticle Parataxon No. ON\ 007
FIGS 19-20

Stomatileroiis stem/shoot maieiial was observed

Epidermal cells angular (usually hexagonal).

arranged in longitudinal rows oriented parallel to

the long axis Of the shoot /stern. Cells 8-28 jim in

length, 16-20 fixn in width. Anriclinal wall thin,

smooth. Pcriclinal wall irregularly thickened,
smooth to granulate.

Stomata arranged in a uniseriaie tow near the

shoot/stem margin, oriented perpendicular to the

long axis of the shoot/stem. Stomata 20-24 ^m in

length, 8-12 pro in width. Guard cells not sunken.

Outer stomata! ledge, prominent, broad, raised.

Stomafal Arrangement none to paracytic.

Subsidiary cells 0-2. Anticlinal wall, thin, smooth.
Periclinai wall irregularly thickened, smooth to

granulate.

Affinity: The cuticle parataxon has been assigned

to Gymnostoma (Casuannaceac) on the basis of

prcdomjnentlv angular epidermal cells and the

perpendicular orientation of stomatcs relative to the

lor.g axis of (he shoot (Ditcher es ai. 1990).

Cuticle Parataxon No, AWF 001

FIGS 21-22

Only the stomarifenws surface was observed.

Epidermal cells angular to rounded. Cells between
stomatal bands are generally arranged in

longitudinal rows oriented parallel to the long axis

of the leaf. Cells 28-116 *un in length, 16-48 pm
in width. Anticlinal wall thin, smooth. Periclinai

wall irregularly thickened, smooth to finely

granulate.

Stomal fl arranged »n shorr discontinuous

uniseriate rows, oriented obliquely, transverse to

parallel to the long axis of the leaf. Stomaial rows

separated by 2-5 rows of rectangular epidermal

cells, in narrow stomatal bands. Stomata 40-64 jim

in length, 20-40 uts in width. Guard cells

sunken. Stomatal ledge, prominent, narrow, Guard
cell/subsidiary cell wall heavily cutinized, raised.

Florin rings evident. Stomata! Arrangement
cyclocylic. Subsidiaty cells 4-5. Anticlinal wall

irregularly thickened, smooth to beaded. Pcriclinal

wall irregularly thickened, gianulate to striate.

A,ffwify: The cuticle parataxon has been assigned

to the Araucariaceac. The predominantly oblique

orientation of the stomat3 and founded epidermal

cells suggests an affinity to Agatbis (Cookson &.

Duigan 1951; Stockcy & Taylor l¥81; Hill &
fiigwood 1985, 19871.

Cuticle Parataxon No. 53 004

FIGS 23-24

Only the stoinalifeious surface was observed,

Epidermal cells undulate (type S)i Cells 12-32 jwru

in lergth, 8-16 ^ni in widili. Anticlinal wall tlun,

>mooth. ffenclinal wall ihin, smooth.

Stomata randomly oriented, uniform distribution.

Stomata 12-20 #m in length, 12-16 mr* in wtdth.

Guard cells not sunken. Outer stomaial ledge,

prominent, narrow, apiculate, Stomata!
Arrangement stauroeytic to cyclocylic. Subsidiary

cells 3-5. Anticlinal wall, thin, smooth, radial walls

may be poorly defined. Periclinai wall ihin, smooth.
Trichome bases common, over vein.s pora], 7

radially arranged surrounding cells, cuticuiat

thickening around pore. Hydathodes rare, over

veins.

Affinity: The cuticle parataxon is placed in ihe

Flaeoenrpaoeac due to the presence oT hvdat nodes,

an apiculate siomaral ledge and staurocyt ic stomata]
arrangement.

Cuticle Parataxon No. S3 005
FIG 25

Only the flloiuatilerous surface was observed,

Epidermal cells angular. Cells 10-33 nm in length,

5-23 fim in widih. Anticlinal wall thin r smooth.
Periclinai wall granulate.

Stomata randomly oriented, uniform distribution.

Stomata 12-20 um in length, 10-15 jum in width.

Guard cells, not sunken, T-shaped thickening

present. Outer sfomatal ledge, prominent, narrow,

apiculate, Stomatal Arrangement staurocytic-

Subsidiary cells 2-5. Anticlinal wail, thin, smooth.
Periclinai wall granulate. Hyiat bodes rare,

Affinity: The cuucle parataxon is placed in (he

Elaeocai paceac due 10 live presence of hydathodes,
an apiculate slornatal Jedgc and stauroeyiic stomatal

arrangement.
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Cuticle Parataxon No. Lb 009

no. 16

Only the stomatifcrous feSrftiOfi was observed.

F pi dermal cells reci angular, or raided Hi

louguudtnalrows oriented parallel lo the long axis

of i he leal. Cells 8-36 /.tm in length, 8-18 jam in

width Anticlinal wall buurcssed. Peridural wall

Ihhi. smooth. StemauA arranged in unisenatc rows,

often short, occasionally merged, oriented parallel

to the long avis of the leal'. Stomata 16-28 urn in

length, 12-18 fun in widrtr Stomatal arrangement

paratetracytic. Guard cells sunken. Stomal al ledge

prominent, irregularly thickened. Subskhaiv cells

4, heavily cutinuccK lateral cells larger than polar

cells. Polar cells may he shared. AnticJinul wall

buttressed, Penclinal wall thick, smooth- Florin ring

evident.

Afftniiy; Although very fragmentaiv the general

cuticular morphology ol specimen-^ surest*, an

affinity to the Podoearrxaceae.

Cuticle Paratyxon No. Si 003

FIGS 27-28

Only the stomatal surface was observed.

Epidermal cells sinuous (4). 64-104 pitp in length,

56-80 >im in width Anticlinal wall irregularly

thickened, smooth to finely headed 10 ridged.

Perielmal wall granulate, Stomata randomly
oriented, uniform distribution. Stomata 36-?6 (ten

in length. 32 38 /an in width. Stomata! arrangement

brcu'hypaxacytie. Guard cells sunken, broad polar

rods, T-shaped thickening and poral thickening

present. Outer stomatal ledge prominent, very

broad. Subsidiary cells 2. Anticlinal wall beaded

PfifiqJInal wall slriare. Tt ichnrne hases common, I 2

basal cells, heavily cutinized, raised anticlinal wall.

6 S scarcely modified, radially arranged

sui rounding cells Striations radiate onrwards onto

other epidermal cells.

s(fftni(y: The cuticle paramyon is assigned lo the

Protcaccae due to presence of brachyparacytic

sioni;iia and multicellular Tricliome bases.

Cuticle Paratayx. No. Al I Oil

no. 29

Only siottiatiferous surface observed Fptdermal

cells angular to rounded, becoming elongate over

veins Cell; s-40 /an in length, *-20>im in width

Anticlinal wall thin, smooth Penclinal wall thin,

smooth. Stomata randomly oriented, uniform

distribution witliin large areotes. Stomata 12--4 /im

in length. 12-16 ^m in wkhh. S.l J5.6 Stomatal

arrangement actiiioevtie to staunxwk. Guard cells

Dot 10 slightly sunken. Subsidiary cells 3-6, dai kef

Gaining than cpidcimal cells. AiUkh'nal wall rbiiv

smooth. Perielinal wall irregularly thickened.

smooth to slightly granulate Outer stomalal ledge

prominent, narrow. Polar rods and some T-shaped

thickening present on guard cells, Mydat nodes rate.

over veins, 28-40 am in length, 16-20 ^m in width.

Afjimly: The cuiicle parata.voti js placed in die

hlaeocarpaceae due en the presence of hydathode%,

an apiculate stomatal ledge and staurocyric stomatal

arrangement.

Moristic Compamon of Samples

The floras of each of the three samples possess

a number of floristie features that distinguish rltem

from one another. The flora of the upper seam us

characterised by the dominance of the Protcaccae

component and of one parataxon in particular. No.

SI 001 which matches the cuticle of
Banksieaephy/tum iacve tJ-'igv 17 A IS).

The flora of the lower lignite seam has a similar

overall composition to that of the younger lignite

scam but with a number of differences. These

include; I) the presence of purataxH No, S3 001 and
No. AWT 001 both ol which arc absent from lhe

other floras a* well as being lhe sole contributors

(o the Myrlueeae and Araucariaccae components
respectively. Both paraiaxa are potentially useful as

straligraphie indicators, at least locally within the

depositional basin; 2} an increased abundance of

the Podocarpaccae. Myrtaceac. Elacoearpaceac and
Casuarinaceae components which when combined,

account for more than 25% ol the flora, In no other

litnotype do these components attain the same levels

of significance either individually ot combined.

The flora of the basal clay is easily distinguished

from the other Sedan floras by the abundance ol

Lauraceae paratasa, ol which some are related to

the extant genera Endicuulm and Crytnoca/ya. and
lhe minor occurrence Of Protcaceat parataica.

Comparison of the floras of the three lithotypes

reveals a distinct Hot istic difference between the (wo

hgnifc scams and the basal ligmtic clay seam. Both

lignite floras are dominated by the Protcaccae with

parataxon Nu. SI 001 the major contributor. The
Mora of the ligninc day is verv different with the

I atiTOccae dominating and the Proteaeeae reduced

to an insignificant level. It is also evident that there

is a correlation between the tilhotype and dominant

floral type, i.c the Protcaccae are associated with

lhe lignite whereas the lauraceae are associated

with the clay.

Examination of modern sedimeiiuiv
environments has shown Ihul quite dillerem leaf-

floras (and by inference* different cuticle floras) are

found in separate sedimentary environments

[Burnham iyx9; Taggan IQR8). Within the same

^trafigraphic sequence these changes in environment
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mav be due io either hydrologieal succession or

climatic changes whieli subsequently induce

changes jn the plant community (Luly et <t/. 1980).

The correlation between the two lithotypes and ihe

(wo dispersed cuticle floras therefore indicates that

both floras are the product of different sedimentary

environments (Taggart I98K|; ihe Lauraceae-

dommated lignitic clay and the Proteaceae-

dominated lignite. The lignitic clav is likely io have

heen deposited under opcu-walcr conditions, with

mainly aUoehthonous, potentially extra-local

(Lauraecac-dominateGl flora)* plant remains.

whereas rhe lignite represents vwamp conditions

with mainly local deposition (lift Proteaceae-

domiDated flora).

Comparison with Olhcr Australian Trrtiarv

Deposits

The dispersed cuiicle floras of the Sedan deposit

include a number of parata\a which are known lo

occur in other Australian Tertiary deposits. The
presence of the very distinctive cuticle ol

Bank tieacphyHum laeve in the Sedan lignites, ije.

Ba/iksieaephylium aff, B. hove, would appear to

be of some biostratigraphic significance B. laeve

has to date only been reported from the YaJlourn

(Oligocene) and Morwell (Miocene) coal seams ol

the latrobe Valley and the Inkeurian-Balaklavu

lignites of the Bowmans deposit, ItM) km north ol

Adelaide (Blackburn 1985). The latter deposit is

located a short distance south of the Sedan deposit

in die adjoining St Vincent Basin. Although the

stratigraphic evidence is limited, it is consistent, with

B iWre only being reported from Oligocene-

Miocene coals nnd as one of these coal deposits lies

is close vicinity to the Sedan deposit then a younger

age could be inferred.

Conversely, based on palynologieal and
rnicTOpalaeontological evidence, the presence ol' 8.

iaevi' cuticle in Hie Sedan lignite could imply the'

leaf fossil has a longer stratigraphic range than

previously reported. i,e Tate Eocene-Miocene.

The basal lignitic clay is dominated by the

1-acnaceae, which is of no stratigraphic significance

as the family was well represented throughout the

Australian Eocene, A comparison of Eocene
Lauraceae cuticle types from a number ol localities.

including Anglcsea (Rowcrt & Chiistophel I9M0)

and Ncmga (Hill 19861 has shown that both of the

genera identified ia this ii linotype* i.e Crypt0Cl>rV0

and Emliandru, were well represented in terms of
species and abundance throughout the period. It

should be noted that the lautaceous megatossils of

the Ncrriga locality were assigned to the form genus
Laurophytlum by Hill, but affinities io t-mitartdru

and Cryptocarya were also Lndiealcd for a number
at these leaf types It must also be mentioned that

the two genera are the major contributors lo the

modern Australian Lauraceae.

However, the presence of the Lauracear
parataxon No. AA 006 may prove to be an

important stratigraphic indicator, based on the

authors unpublished information- This parataxon

appears to have a restricted distribution, being only

recorded in Middle Eocene deposits and reaching

maximum abundance in Ihe Upper Middle Eocene.

It has not at this present time been identified in Late

Eocene c»i younger sediments.

In conclusion, it is evident from the analysis of

the dispersed cuticles ol the Sedan coal sequence

thai I) two separate dispersed cuticle floras are

recognised, i.e. the Lauraeeae-dorninated flora of

ihe baval ligniuc clay and the Proteaceae-dominated

flora of the younger lignites; 2) the change in

lliholype and flora recognised between the basal

clav and lignites may be climatically induced; 3) the

key cuticle type Bankaieuephvllum aff. B, lueve

recorded at Sedan occurs In younger lignite

sequences in the Latrobe Valley (Victoria) and
Bowmans deposit (South Australia) suggesting

eiiher that the Sedan lignites are younger than

indicated by both the micropalaeontology and
paJynology or that the stratigraphic range
lOligocene-Miocenel of the cuticle type is longer

than suggested by the present records
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WHALE STRANDINGS IN SOUTH AUSTRALIA (1881-1989)

by Catherine M. Kemper & JohnK. Ling*

Summary

Cetacean strandings were collated from museum records, and published and unpublished sources.

The identification of stranded animals was verified in 85% of events by examination of voucher

specimens or photographs. Trends in the stranding record were documented, but reasons for

strandings were not investigated in detail. From 1881 to 1989, 309 stranding events, involving 24

species, have been recorded in South Australia, while an additional species may have stranded in

the State. Stranding events most commonly involved Tursiops truncatus, Delphinus delphis,

Physeter macrocephalus, Caperea marginata, Mesoplodon layardiu Globicephala melas, Kogia

breviceps, and Balaenoptera acutorostrata. Strandings were less frequent on the western shores of

Gulf St Vincent and Spencer Gulf, possibly because these are protected from strong southwesterly

winds. There was a trend towards more frequent events being recorded in January/February and

September/October. Some species showed seasonal trends in stranding, possibly related to their

migratory patterns or movements inshore/offshore. Eighty-nine percent of stranding events involved

single animals; 18% involved groups of two or three animals and 3% were of four or more.

Twenty-eight percent of stranded animals were juveniles. In some species (e.g. Balaenoptera

aciitorostratay Caperea marginata, Globicephala spp., Kogia spp. and oilier Balaenopteridae),

juveniles constituted a high proportion (> 30%). At least 15% of stranding events involved live

animals, although more accurate observations and reporting in recent times indicate that live

strandings are probably more frequent. There were live strandings of 16 species, including baleen

and toothed whales. There was a tendency for large whales to strand more often in a moribund or

decaying state than small species. On average, about 20 recorded stranding events have occurred in

South Australia each year since 1985.

KEY WORDS; cetaceans, stranding, mass stranding, trends. South Australia.
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WHALE STRANDING^ IN SOUTH AUSTRALIA 1.1891-1 989)

by CATFfLKINL M. KEMPER & JOHV K. f Nc»»

Summary

Kr-MPDR, C M. & I. inc., I- K, (1991) AVliate stranding* in South Australia (I881-J969) Trans. R. 5oc. S.

<1«tfr 115(1), 37-52, 31 May. 1991.

Cetacean strandings were collated Irorn museum records and published and unpublished sources* The

identification of stranded animals was verified tti 85 ftV of events by examination of voucher ipecimem

or photographs. Trends in cue branding record were documented, bul reasons lor strandings were not

investigated in detail From 1881 to l%'9, 309 stranding events, involving 24 species, have been resided

in South Australia, while an additional species may have stranded in the State. Stranding event* mo-t

commtmly involved Tun/ops trum-ulns, Delphinus dffphis, Physete* mmroveptmlus. Cuitereu mt/rgttiuto,

IfflgOfltCMfOH Unordii, Ulohicephufa nwias, hogia bruvicvps, and Baluerwptcra acmurostratu, Strandings

were less frequent on the western shores Ol < iull St Vincent and Spencer Gulf, possibly because these arc

protected trom strong >outhweste:ly winds. There was a trend towards more frequent events being recorded

in January/ Kchruary and September.'October. Some species showed seasonal trends in stranding, possibly

related to their mnuatoi y patterns 01 movements inshorc/otfshorc. bight v-ntne percent Of stranding events

involved single animals; NWfc involved croups of two or three animals and 3% were ot lour or more, iwettty-

eight percent of stranded animnU were juveniles [n ^orrte species (e.g. Balafinopien/^cutuwiiruft/. G/^tvew

tttarg-inato, dabicephuht spp . Kfigiti spp dud other BaJaenoptendae), juveniles constituted u fugb propotiion

(>30%). At least tStyu of urandittg events involved hve animals, although more accurate observations and

reporting tn recent times indicate lhat lice strandings are probably more frequent. There were livcMiandint!*

o\" W species, including baleen and toothed whale*- There was a tendency for Urge whales to strand more

often in a moribund or decaying slate than small species. On average, about 20 recorded stranding event*

have occurted in South Australia each year since 1985.

Kr>v Wuftr* vcutccans, stranding, mass stranding, trends. South Australia

Introduction

Cetacean stranding* have captured the attention

of humans since Aristotle's time (see Ansfulle 335

BO), but only in Ihe last few decades have these

events been studied in detail. Marc recently, trends

havv been analysed and plausible hypotheses

proposed on the possible causes for stranding of

live animals (reviewed by Geraci & St Audio 1979).

There are many possible causes of cetacean

strandings, e.g. disease, injury (both natural and

anthropogenic), birth difficulties, adverse weather,

parasite infections, food supply- old age and toxic*

pollutants (Geraci & St Aubin 1979). A recent

hypothesis suggests that cetaceans may Vnake

navigational mistakes* if the earth's geomagnetic

field is disturbed jKIirtowska I98n), Seree<tni <I9b2)

concluded that nearly all animals involved in single

strandings were diseased or paiastiised, but those

involved in mass strandings were not.

in Australia, the most detailed accounts ot

cetacean strandings exist for Tasmania (reviewed by

Nicol & Croome 1988). Some published

* South Australian Museum, North Tcnace. Adelaide.

S.A- 5000
!
Stopp, B. A. (1964) Cetacean standings m Fiftttib

Australia I88M9M4. Field Sludv foi Assoriarc Diploma

in Wildlife and Park Management, South Australian

College of Advanced Education.

observations arc available for Victoria <\**akcf"ield

19tS7: Warnckc 1983, 19$$) and the Illawa/ra district

of New South Wales (Robinson 1984). Specie*

recorded in Queensland are discussed in Bryden

(I97.KV Patersiin (I9h6) and r*aterson & Van Dyck
(1990) Since I9S4 all states, bul not the Northern

Territory, have been reporting strandings in the

Australian National Parks & Wildlife Service.

The South Australian Museum has taken a

special interest in cetaceans since the mid- lo late

1800s (Hale l95ol- H~ R. Waiie, II. M. Hale and,

mote recently, V. R Aitken established a stranding

reporting and collecting network which provided

us with sufficient records to analyse trends. Aitken

(W71) published a summary of the 18 species which

he regarded as occurring in South Australia, based

on stranding,*; or sightings (also summarised by

Seigcant 19N2). A revised account was presented by

Line A: Aitken (1981). Stopp (1984)' compiled a

dciailcd account of the locations of many South

Australian strandings up to 1984, with some other

details foT each specimen.

Here we summarise (he entire stranding record

fur South Australia. Trends in strandings arc

analysed in relation to species- composition and
abundance, geographic and seasonal distribution.

group sl/e of snanded animals, age,, and active vs

passive stranding events. No attempt ha.s been nude

io investigate or explain the cause of strandings.
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except ill very eeucral lenns. Special attention Was
paid to the possible influences of the unique
uceano^raphic conditions nf South Australia on the

cetaceans of southern Australian waters.

<Kcjnoir3jjin <if ihc South Australian C'uasi

The South Australian coast measures
appios-imalely 4000 krn of which about 1500 km
OHVti) border two lav^e gulls. St Vincent and
Spencer. Several large bays occur along the seaward
coast. The 2U0-m balhnmetric contour lies 104>-2*K>

km offshore for much of the eoasi bu! is closer

inshoiv (50 kini in the southeast of the State. Hence
i here is a broad continental shell wluefr, with ihe

exception ot Bass Strait, is unique fur the southern
half o[ the continent, l>rep canyons ate found to

Ihe southeast of Kangaroo Island and southwest of
Ccduna. Annual mean water temperatures in non-
eulf waters vary from J5°-18°C (Radok 19761

Cold oceanic currents generally How jp pti etisterly

diiection across southern Australia at rates of 14-25

km per day. except in summer when a westerly eddy
is found in the Great Australian Bieht region

(Federal Deportment of Transport ]987). A fasl (35

kin per day) easterly cm rent occur* in the Bight

during winter. The Leeuwin current, whtch
originates in Ihe Indian Ocean ofr Western

Australia, brings warm water into the Right in

autumn and winter (Pe.trvc & Cresswell lVis5>. A
suiface temperature gradient ol up lo 5°C may be
noted along the southern coast of Western Australia

at cms tune Little has been documented on gulf

and inshore currents in Suuih Australia although
studies are ui progrev% <t*. Hemisevics pers. comni.

19901

In SouLh Australia, the plevailiug winds are

generally somberly or southeaster t> in summer and
southwesterly oi northerly in winter (Climatic Atlas

ol Australia I9KK). There may be sonic deviation

from this pattern in the region oi ihe gulls. Wind-
induced upwelling events are important in the

southeast of the State in summer {Lewis I9SJ;

Schahingcr (987). Other areas ol upwelling are

found off Ihe southwest coast of Kangaroo Island,

and between Coffin Bay and Arvxious Bay fjust

south ol Sireiiky Hay) (P, Petrusevics pcrs. comrn.

Bye i!97r>) described the gulfs (Spencvr Gulf and
Ciulf Si Vincent, separated by Yot ke Peninsula) and
their associated waters f Investigator Strait and
Encounter Hay) as a complex zone of fundamental
importance to South Australia's marine
environment. ( Investigator Strait (north of
Kangaroo IslandJ and r.ncountei Bay tcasi oi

Kangaroo Maud) are not considered part ol* the

gulfe, because they ate very much influenced b>

oceanic patterns). Salinity al the head of the gulf*

is much higher than al then mouths (far Spencer
Gulf as high as 48'L in the late sumntct and ahum
4.Vfc* in late wintet <Nunes & Lcnnon I9K6j). Due
to the shallowness of the \\<ttcr in the gulls |<50
m), temperatures range from about I2°C in winler
to about 24° in summer fByc IV7n; \unes & Lcnnon
IV86J. Again, there is a north-south gradient. The

gulfi are somewhat protected from the lull effects

ot the Southern Ocean by their surrounding land

musses.

Another ttrcu of interest oceanographtcally. but
about which litlie is known, is the Head ot: the Great
Australian Right. In winter, temperatures and
salinities are luehet lhan the waier to the south
(PearceA Crcsswell 19K5).

Materials and Methods

Information on cetacean standings tfagg&l tiered

from specimens and photographs held in the

collections of the South Australian Museum,
published records in Ailken (1971), Hale (1911. 1939,

1959, 1962), I ing & Ait ken <19KI), Siopp (198-1),

Watte (1919), and newspaper articles; and
unpublished records from various sources. No
specimens from South Australia estsr in the

collections of the Western Australian Museum,
Australian Museum, or Museum of Victoria. The
identifications of all specimens in the South
Australian Museum have recently been verified;

hence snme published observations (e.g.. Aitkcn
197t) may not be consistent with outs. Ofthe 309
stranding events reported here, 75^0 arc verified

with voucher specimens in the South Australian
Museum and 10'Vo are verified with photographs
ijloue.

The taxonomy used here is that of Bannistci

0988) with the exception of G/obicepha/o meias[-
nteiuenu) (Rice 1989), the placement ol Capt'av
murginata in the family Ncobalaeuidae (Rarnes &
McLeod 19tf4) and (he use of the specific name
murroccpintluK

t not emotion, for PhvscM'r (see Rice
NX9)

A 'stranding', hi ihe present study, is any event

involving the beaching or washing up on shore of
live or dead cetaceans, as well as observations1 of
dead cetaceans float iny: offshore. Skeletal material

honi the coast is included in our definition ol

stranding (but not dated), except in the case of
Eitbalacna austntlis near old whaling stations Jt is

assumed that most museum specimens Lacking data
were collected as a result of stranding events.

although eautum was exercised in Ihc cases ft|

Phy.wtt'r mflirox'ephaltis and Bihafaenu ouSTrtftb
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due io whaling acriviiies, ll is possible that some
vmall cetaceans could have been caught accidentally

id fishing nets, but lliiy information is not recorded

by rlie Museum. A single Capetva mar&irtatQ

(Encounter Bay. September 1887) was caught in a

fishing net.

The relative age of individual*; was estimated only

in those eases where the total length ol ihe animal

was known Ofi in a lew cases, was estimated from
photographs. Neonates were defined as individuals

approximately the length of newborn animals,

based cm information front other studies (Perrinef

al. 1984; Ross 1984;. Juveniles were denned as being

less than, or equal to, a certain proportion ol the

species" length al physical rminirky. These are: 50%
(t. tmvcalis. fi tnucrotepfuthis, Globicephala vpp.,

Gnwtpus griseus), 55% (C margino/af* 60%
(Oataenopteridae, Tursiops fruncatus, Delphmus
deiflftist, o5*'w (Kosia spp.) ajtd TWJii (Ziphndae).

I hese propoi tutus were based on information from
several sources (Uryden 1972; Ross 1984; Mead &
Potter 1990; Koss pers. comm. 1990).

Whore the actual dale of strandini' was unknown*
the month was estimated on the basi> ul

photographs of tlic animal or a description of its

state of decomposition,

The term 'gulfs' refers here only to Gulf Si

Vincent and Spencer Gulf. The term 'gulf's region*

include; Investigator Strait and Backstairs Passage

and the north coast of Kangaroo Island.

Results

Species

IWeuty-four species al cetaceans wore verified as

having stranded along the South Australian coast

between 1881 and 1989 Hanle I). There is some
uncertainly about the additional species,

(Btitaenoptero borealis, which, although in the

South Australian Museum collections, may not have

stranded in the State. Keccnt re-exartii nation of
baleen plates (SAM M4829), previously identified

as H. ivjent\ resulted in the identification being
determined as ft boreuto {based on characters

described by Mead 41977) and Horwood 11987)).

However, i he ptaies. have no accompanying data and
therefore could have been collected elsewhere, or

I bey may not have been from a stranded animal.
No species are recorded as stranded in the State-

based solely on photographs or other reports

lacking voucher material (Table I).

Jn terms of individuals (but excepting the mast
Mrandings of teeudorxn erasstdemh the most
commonly stranded species were the dolphins. T.

(mfwutawiH.} O, tlelphis. These atr followed by six

species; i^hvwtet macroct'phah4s\ Cupercn
frtarxJ'UMK Me^oplodon luyoalii, Ko&o hrwkeps.

Globicephala welas and Balatnopretu
(tcutofost+uiu, whose stains varies depending on
whether specimen records tacking vouchers or
locality inlormation are included. AIJ have ercatei

than 10 recorded stranding events. Buhii>)wptera

phywtus, Beruntius acmuni and Kogio simus have

stranded only once There is some uncertainty about

whether fasmaeetus sftepfwrdt has stranded once
or twice fG. Ross pers, ctwnm. 1990),

Geographic distribution of'stranding events

Stranding events having geographic locality

information (238) were not evenly distributed along

the South Australian coast (Fig. I). More stranding

occurred in (or were reported from) the Coffin

Hay/1'on Lincoln and Coorong regions, followed

by the eastern side of Gulf St Vincent, Ihe uorlh

coast of Kangaroo Island and Ihe Streaky

Bay/Ccduna regions. Very few stranding* vveic

reported from the western side>. of Gulf St Vincent

and Spencer Gulf, despite moderate levels of hiitriiin

activity along these coasts. There were tew

stranding reported in the tar west ol the Stale*

much of which is lined with inaccessible cliffs and

a rocky shoo:. Forty-six percent of standings

occurred within the gulls region which includes

nboui 40% of the South Australian coast

Mass stranding* (ije, more than three individuals)

have occurred at six locations (Fig. I). Tive were

in the gulls region Three locations (north of

Adelaide and northeastern Kangaroo island) were

where other live standings have occurred f Fig. 2).

Active |= Hve) brandings have been reported less

frequently in remote areas than around centres of

population, e.g. in the gulls region iFig. 2),

Nevertheless, it appears lhat some areas le.e. Port

Lincoln/Coffin Bay, Nepean Hay, eastern Gull St

Vincent, Murray River mouih) are more prone to

aelive stranding* than arc others.

There ate trends in the gcogiaptuc dislributiou

of stranding events of species or species gnjups (Figs

3-8). Both 77 truncalits and IX delphis have

stranded along much of the coast but

concentrations of events eyjsts around Adelaide

Port Lincoln. Nepean Bay and ihe Murray River

mouth (Fig, 3>. The two records of 77 trintcatus

from Lata Alevmdrina (north of the Coorong) *erc

made before the barrages were built in the ISWK
few dolphin si fundings have been recorded from

the northern ends of the fluffs Of the 36 standings

within ihe gulfs region, moie were of 7. trHtuutus

than D. driphu \P <0.10\ v.- 2.7K, 1 d.l'.),

Few stranding of Glohicephala maemrhyncftus

and G. nwtas were reported in the gulf? region (Fig.

4). The only two recoTds within the f.ulfs proper

being C7. tnta/ofttvnehus, one of these a mass
stranding.
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Table 1. Stranded cetaceans along the South Australian coast recordedfrom various sources. South Australian

Museum (SAM/ specimens with no locality data are in parentheses and are included in the total numbers to their

left. Events from other sources includes photographs, published and unpublished records. Total individuals includes

specimens plus individuals from other sources. Unidentified recants not listed

Family, genus & species

SAM
specimens

Events from
other

sources
Total

individuals

Total

events

BALAENIDAE
oh'ubalaena australis 7(5) 7 7

NfcOBALAENIDAE
29Caperea marginata 27(8) 2 29

KALAENOPTERIDAE
Bataenoptera acutorostrata U<2) 1 12 12

H. borealis* KU o 1 1?

B. edeni 6(0) 1? 6 6

H musculus 5(1) o 5 5

H. physalus 1(0)

?
I 1

Megaptera novaeangliae 4(0) 5 5

UELPH1NIDAE
Delphinus dclphis 39(12) 16 60 54

Globicephalo sp. I 2 2

C. macrorhynchus 10(1) !° 6

G. melas 11(1) * 15 14

Grampus griseus 2(0) 2 4 4
Orctnus orca 3d) 3 3

Pseudorca crassidens 2(0) c310 2

Thrsiops truncatus 71(21) 12 12fi 65

PHYSETER1DAE
Kogia breviceps

K. simus
20(1)

1(0)

1 2
\

13

1

Physeter macrovephulus 26(4) 8 34 34

ZIPIIIIDAE
Berardtus arnuxii 1(0)

i

\Iiyperoodon planifrons 7(0)

Mesoplodon sp,

I
6 5

M. bowdoini 2(0) 2 2

M gruyi 8(0)

i
8

M, layurdii 22(0) I 19

Tasmacetus shepherdt 1(0) o 1 i

Ziphius cavirostris 2(0) 2 2

TOTALS 290(58) 56 705 309

* Doubtful S.A. record

Strandings of C\ marginata have been reported

from the Victorian border to Streaky Bay (Fig. 5)

although the latter location is unsubstantiated.

Sixty-five percent of strandings have occurred in the

Fort Lincoln and Nepean Bay areas. No strandings

have been recorded from well within the gulfs.

Balaenopterids show some interesting trends (Fig.

6). B. edeni, with the exception of a dubiously

identified specimen from Cape Banks (approx.

38°S), has always stranded well within the gulfs. B.

acutorostrata, on the other hand, has almost always

stranded outside the gulfs and usually in specific

areas (e.g. Coffin Bay, Port Lincoln, Nepean Bay

and the Coorong). No trends were apparent for

other species. The single stranding of a juvenile B.

physalus occurred at the northern end of Gulf St

Vincent.

The numerous strandings of Physeter

macrocephalus have occurred along almost the

entire South Australian coast (Fig. 7). Few have been

recorded within the gulfs. The record from Adelaide

was a specimen of bones of unknown date, buried

in sand in shallow water. No record could be found

of a large whale stranding near Adelaide in the past

50 years, so we assume that these bones represent

an older stranding event. Kogia breviceps has also
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129* 130

Fig. 1. Geographic distribution and number of rcponed stranding events in South Australia, 1881-1989. Shaded areas

indicate coastline over which events took place. Solid triangles denote mass stranding localities.

1 3 a" 130

l?9» ITiO

Fig. 2. Geographic distribution of reported active (O) and passive (•) stranding events in South Australia, 1881-1989.
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Fig. 3. Geographic distribution of reported dolphin strandings in South Australia, 1881-1989, Each symbol represents

3 Delphimts delphis (#) or Tursiops truncatus () stranding event.
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Fig. 4. Geographic distribution of reported pilot whale strandings in South Australia, 1881-1989. Each symbol represents

a Glohicephaia macrorhynchus (#), G. melas () or Globicephala sp. () stranding event.
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Fig, 5. Geographic distribution of reported strandings of Caperea marginata in South Australia, 1881-1989. Numbers

in circles represent numbers of events. Streaky Bay stranding is unsubstantiated.
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Fig. 6. Geographic distribution of reported strandings of rorquals (Bataenopteridae) in South Australia. 1881-1989.

Kach symbol represents a Balaenoptera ecleni (•), B musculus (A), B. acutorostrata (), B. physalus (> ) or

Megaptera novaeangliae (D) stranding event.



4J C. M. KEMPER & J. K. LING

129' 130' 13 1° 13 2 39* 140'

Fig. 7. Geographic distribution of reported sirandings of Physeteridae in South Australia, 1881-1989. Each symbol
represents a Kogia simus (A), K. breviceps (•) or Physeter macrocephalus () stranding event.

Fig. K. Geographic distribution of reported beaked whale (Ziphiidae) strandings in South Australia 1881-1989. Each
symbol represents a Berardius arnuxii ( ), Ziphius cavirostris (OX Hyperoodon ptantfrons < K Mesoplodon
bowdoini (O), %fi grayi (•) Af, layardiHA), Mesoplodon sp. ( + ) or Tasmacetus shepherdi (*) stranding event.
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stranded over a wide stretch of the coast, including

the gulfs, but none has stranded on Kangaroo
Island. The single stranding event of A', simus is

from Adelaide.

Beaked whale strandings have been recorded

along the entire coastline (Fig. 8). Only 25% of the

beaked whale stranding events have been within the

gulfs region. There are many records from the

western side of Eyre Peninsula and along the

southeastern coast of the State.

Four species have not been illustrated on the

foregoing distribution maps. To our knowledge,

Eubalaena australis stranded three times during

1881-1990; an adult at Port MacDonnell in the far

southeast and two neonates at. the Head of the

Great Australian Bight. Grampus griseus has

stranded at four localities: Point Turton (Yorke

Peninsula), Coorong, Willson River (Kangaroo
Island) and Denial Bay (near Ccduna). The
locations of possible O. orca strandings have not

been reported (see Ling 1991). Mass strandings of

P, crassidens occurred twice and are discussed under

'Group size of stranded animals
1

.

Seasonal trends

Stranding events (aU species combined) were

recorded most frequently in January - April and
September - October (Fig. 9). However, this trend

docs not always extend to individual species, or

species groups (Figs 10 and 11). Beaked whale and

T, truncatus strandings were recorded most often

in summer (Fig. 10). An increase in rorqual

strandings was evident in September (Fig. 11), with

six out of the eight being juvenile animals. We have

24
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N P

2fphll<Mc

I FMAMJJ A$ONU
Glohtcephaia spp

Fig. 9. Mouth of occurrence of reported stranding events

in South Australia, 1881-1989.

Fig. 10. Month of occurrence of reported stranding events
of Ziphiidae, (Mesoplodon tayardii solid bars), and
Delphinidae fJltrsiops truncatus solid, Dutphinus
deipnis open, O. macrorhynchus solid, G. mclas, open,
Glohk-ephata sp. dotted) in South Australia, I8SI-I989.
Numbers above bars- refer to numbers of neonatal
individuals stranded.

insufficient data on other species, or species groups,

to draw conclusions, although there did appear to

be slight increases during September - October for

Globicephala spp., C. marginata and T. truncatus.

Some species appeared to have stranded in

specific periods (Figs 10 and 11), Kogia breviceps

stranded from April to October, mostly between
July and October. Physeter macrocephalus stranded

between July and December. A/. Jayardii (January
- July) and G. macrorhynchus (May - September)
have also stranded in somewhat restricted periods,

but sample sizes may not be sufficient to be sure

of such trends. The stranding of an adult £.

australis in February is noteworthy, since it is outside

the period of sightings of live animals in coastat

South Australia and Victoria. The nature of its

injuries - almost decapitated (possibly by a large
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8 Balaenopteridae
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lie. II. Month of occurrence of reported stranding events

of rorquals (Balacnoptcndae), Cupereu mar&nuia.
hoeia spp., and Phvseter macrocephaius in South
Australia, 1881-1989. Numbers above bars refer to

numbers of neonatal individual stranded.

ship's propeller) - suggests that it may have died

some distance, offshore.

Suandings of T. mwcatus were most frequent in

January - March, both within and outside the gulfs

(Table 2). Events were recorded throughout the year

in both regions, with a possible mhtction in July

- September outside the gulfs. The pattern for D.

defphis was similar but there were no standings

recorded in April - June, within the gulfs. This could

suggest an absence of live D. delphh from the gulfs

during the autumn quarter.

Group .size of stranded uninntfs

There were 184 stranding events involving single

animals. Fifteen (8%) events had two or three

individuals and six (3^o) had five or more (Table

3). When two stranded* niost of the events were
cow/calf associations, especially Mesoplodan spp.

and K. brevkvps. Excluded from Table 3 is a
possible association between an adult and subaduh
male Hyperoodott plantfmns which stranded 60 km
and one day apart.

Mass strandings (i.e. more than three individuals)

are rare in South Australia. Those that have
occurred ate described below:

St Kikla <34°45'S. I2tf
a32 Tj September 1903

Hale (J93I) described briefly the stiaudmg of five

C. melueiw ( - melas) now identified as G.
macrorhynchus, m the mud of the Si Kilda mangroves
A female stranded fjtsl (alive) followed by four male*
when the tide went out.

Port Prime <34°3l
r

S, 138°18
r

E> approximately 5

October 1944

Hale (1945, 1959) described the mass stranding ot
about 250 P. crassidens in Cull* St Vincent, north ol'

Adelaide, -\pproximately 200 stianded (.some alive),

along the coast of tidal Hals in one group, wilh aboul
50 others stranding 2.5 km north of the main group
and isolated individuals along a 30-fcm stretch of coast
bcrween Porr Parham and Port Gawler. Very little

biological data were collected or published on the

srranded animals which were misidciitified as G.
meiaena {- melas) at ihe time ol stranding.

Merdayeirah/Eucla (3t°41 '& I29°0n
r

E) August 1963
In August HH& about 59 /? t'/ms/tfe/iy stranded over

about eight miles I- 13 km) o\' sandy beach between
Mcrdaycrrah Sandpateh, S.A. and Euela, W.A, About
12 were on the sandpaich and 47 at hucla. All were
aJiveot freshly dead when found, Mr H. Gurney {per?,

conim. 1989) believes thai they stranded at high ode
because there were furrows in the sand as if they had
been driven up the beach- He recorded males, female-;

and calves but did not count each category. The males
were about 20-21 feet (6.4 m) in length and rhe calves
(of varying length), a little Jess. According to Mi
Gurnev a stoim did not precede the stranding.

Taisi r 2. Stranding events of Tursiops truncatus (a) and Delphinus delphis fh) which occurred inside and outside
Gulj St Vincent and Spencer Gulf during four periods of the year.

Location Jan - Mar Apr - June July - Sept Oct - Dec

(a) Inside gulfs

Outside gulls

(b) Inside .tmlfs

Outside gulfs

3

4

3
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TABLE 3. South Australian cetacean stranding event*; involving more than one animal.

47

Species

Dclphinm delphis

Tursiops truncatus

Mesoptadon sp.

M luyufiili

h'ogiu breviceps

K. simus
< ilohtcephaia melas

O. maerorhynvhvs
Pseudorca crassidens

Number of individuals

2 3 5 14-17

I

55 60 c 250

Memory Cove (34°58'S, 136°00'E) 2 May 1977

A school of 55 T. truncatus beached on the

afternoon of 2 May at Memory Cove, 27 km southeast

Of Pail Lincoln. Thirteen died and local authorities

returned the remaining 42 to sea. Twelve i)£ the dead
were collected, measured and lodged in the South
Australian Museum. Total lengths were 2.29 m - 3.10

m (6 yo,6 cny). None had food in the stomach
and one small male showed evidence of a recent .shark

attack on lus side.

An unsubstantiated report ot about 100 dolphins

beaching themselves al Lou in Bay, 45 km north of

Memory Cove on the night of 3 May 1977 was found
in 1'. Attken's field note% (held in the SAM). Apparently

I luce of these animals died

American River, Kangaroo Island (35°47'S, 137°46'E)

before 22 December 19S2

Five male D. detphis, were found on a rocky beach
at American River. Photographs of these animals
indicate that they had been dead for a few days when
found. American River is at the entrance ro Pelican

Lagoon, a shallow body of water with a rather

restricted entrance. At least five other cetacean

standings have occurred there.

De Mole River, Kangaroo Wand (35°42'40"S,

I36°46'40"E) 27 April 1*85

Between 14 and 17 T. truncatus stranded oi Snug,

Cove at the mouth of the De Mole Rivet; on the*

northwest coast of Kangaroo Island. The sandy beach
(200 m wide) and river mouth are very small and form
a shallow depression in the cliff-lined coast. The
stranding was recorded by a local resident who
observed a group of about 80-100 T. truncatus
swimming offshore at about the time that the stranding

occurred. One animal swam in the area for three days

after the event. Moat branded animals were about 8-9
feet (2.4-2.7 m) long (D. Seikman pers. comm. 1987).

Age of stranded animals

Overall, 2Wt) hi ihe stranded cetaceans were

juvenile, but there was great variation between

certain species or species groups. Those having high

proportions (>3<Wo) of juveniles were 8.

amtorostrata, C. tnarginata^ Globicephala spr>,

other Balaenopteiidac and Kogia spp. ("fable 4).

Juvenile B. acutorostratu ranged from 3.25-3.96 rn

(approximately the size at weaning, Jonsgard 1951).

Only one physically mature B. acutomstrata (9.13

m) and one neonate (2,3 m in October) were

recorded. Length at birth has been estimated at

about 2 m in C. marginata, based on the discovery

of what was hdieved to have been a full-term foetus

(McManusertf/. 1984). Two neonates (2.01 m, which

accords with this finding, and 2.10 in) have been

recorded jo South Australia, both in October (Fig.

1
1
). About 40Vn of the measured C marginata were

roughly half maximum size (6.4 m).

Ziphiids had a low proportion of juveniles (14%),

including a neonatal M. grayi (2.10 m) that stranded

in December (Fig. 10), A stranded neonatal £.

austra/ts (5.52 m) was found in October. Its state

of decomposition suggests it had been dead at least

one month and could have been dead for up to four

months based on the known calving season for this

species in the area (Ling unpublished data), Only
9% of stranded T truncatus were juveniles (Table

41-

Tablh 4. Relative uue of stranded cetaceans in South
Australia, Species with insufficient numbers ofindividuals
not included. See text for definition ofjuvenile length,

A' a number of individuals for which length recorded.

Species N °/o Juvenile

Balaenoptera
acutorostrata 10 90

Coperea marginata 16 56
Globicephala .spp. 17 35
Other Balaenopteridoe 12 33
hogta spp. |4 m
Oelphinus delphis 17 i*
Ziphiidae 35 14

Tursiops truncatus 32 9
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Aciive and passive sfrandings

At lea*t 15% of the recorded stranding evenis

involved live animals (active stranding), In many
older stranding records h was not noted whether
animals were dead or alive at the time of stranding,

so this figure must be considered as minimal. Since

70^0 of the repotted active stranding* were attei

1970, it is quite likely that more thorough
investigations oi' future standings (as have been the

case in recent years) will result in a higher

proportion being recorded as active. Sixteen species,

representing all four families occurring in South
Australia, arc known to have stranded alive ("Table

5). Only obviously moribund oi decomposed
animals were classed as passive stranders and
therefore this proportion (rW) of the total numbei
Oi events is liable to be an underestimate (Table 5).

Decomposed carcasses found in remote areas were

not added m the passive list unless observers

mentioned I he carcass having washed up at the time.

There was a disproportionate number pf large

species (e.g. (he large mysficetcs -and P.

rttacroeephafus) in I his category. (See also fie. 2 lor

geographic location of active and passive stranding

event i.)

Taiu l 5, Cetacean stranding events, involving Vrve

(ucthr) and obviously dead (passive) cetaceans in South
A ustraUa.

Species

Number of evenis

Active Passive

k'uhafaena australls J

t 'aperra marginata
-*

5

titj/urnupfiru aculorostrato *

H. edeni

5if. musculus 1
£•

\Uy.apwra novaeang/tae -t

DeipnftHii detphis ?
Ckihivephala mai'nvhyncha ,

J y

G. metas t o
Grampus prisms i

Pscttrtonyt rta^sidem i
(1

Tursiops truncalits i

Kogid hreittcps

\K. simus
fttyscn'r wacrocepfiafns % 7

fierardiwi arnuxii \

Hypetoodon pl{tntJ?ot\s i 1

\fesopfodoft sp i Q
M g?afi i

M. layardii
\

Unitleruiticd large whale o 1

tfjntfi M 17

Discussion

Twenty five cetacean species have stranded in

South Australia. This includes \h'supladon hectori

recorded in February 1990 from the Coorong but
not the doubtful & boteidts. One other species,

Mesoplodcw nurus, has been reportedly sighted
(live) in South Australian waters, but without a
specimen or photograph ro confirm the identity of
.such a difficult group, the beaked whales, we cannor
include this in the State's cetacean fauna, hrom 10

to 29 species have stranded or are known to occur
in other states (Hryden 1978; Parerson 1986; Nicol

1987: Watncke 1088; L. Gibson pers, comm. 1990;
J. Bannister pers. comm. 1990) Western Australia
has the highest number of species, no doubt because
Us long coastline includes tropical and temperate
waters. South Australia has the next highest., but
lacks the tropical dolphins found in Queensland.
Western Australian and occasional!} New South
Wales waters. Australia's cetacean fauna bears a
resemblance to that of the southeast coast of
.southern Africa (Ross 19S4). In terms ol species

composition and in some respects relative

abundances in the .stranding record, the situation

in South Australia i.s most similar to Victoria and
Tasmania. The major differences are many more C.

nwrxinuta and beaked whale (especially A/, luvardd)
events in South Austialia than in Victoria; anci fewer

O*. tnetus, R vwssidem and Z. tavirosms, but more
//. pfanijr<m< than in Tasmania, The seventh most
frequent strander in South Australia, A', brevkeps,
has not been recorded In Ta.smania (Nicol 1987).

The species which occur in South Australia are

cither cosmopolitan, I topical/snot topical.
temperate/subAnuiiYtic or mixed-water in their

distribution pattern* (Ros* 19S4|, Only ft. edeni and
6. macrorhymhus ate considered to be
tropical/subtropical in natuie. The cool waters
(IS-KW annual meanj in .South Australia would
not be expected In support a tropical fauna.
However, Gulf St Vineenr and Spencer Gull' are
appreciably warmer than flic waters off the seaward
coast in summer. Also, the iropical Leeuwin current,

which oneinates in autumn in the Indian Ocean and
dissipates in winter in South Australia, may mix
with warm Bight waters and move eastward
(Rochtord 1986).

All font reliably recorded stranding event* ol &
edeni occurred well within the gulfs (Fig. 6) during
April (2), September (I) and November (I).

Balaenopteru edeni occurs off Wcstei n Australia

(Chittlcborough 1959), but since no sightings of live

B, edeni have been recorded m South Australia

fl. K Ling unpublished daia) t it is not known
whether this speeds is resident in the gulls or simply
an occasional visitor. Glohicephala nwcrorhynehtn
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has stranded during rhe winter months Inside and
ourside the gulfs Wc suggest that ihe prepuce nf

these species and the frequent stranding* and
sightings of turtles <A, fcdwards pens.^orrun. 1989)

could he related to the Leeuwin cut rem and ihe

warm gulf waters. Zcidlcr H9S9) has suggested that

the Lccuwin current may have been responsible lot

tropical octopuv occasionally being iwordcd in

South Australia.

Sergeant (1979) concluded thai abundance irt the

stranding record in most eases reflects the

abundance of the free-living population in a
particular region. Mead OW) suggested lhal A".

txevtoepi iruglii be an exception. Other comparable
examples are <>. onv, which occurs in eastern and
southern Australia but lardy strands (Bryden I97.S;

Watnckc 1988; Ling 1991; present study), and £.

<WWftj» which is sighted frequently in coastal

waters but also rarely suands. Only Hve verified

strandings o\ £ mtstndis have been reported in

South Australia, Victoria and lasmama <Warneke
I9NN; piesem studyj.

KlhC branding record reflects abundance, species

that stranded on only one or two occasions (Tabic

ij may be designared as rare or occasional visunrs

to South Australian waters. Hence ft, phv$atust R
iTuwidens, A. ,w>nuv, & arvux'tu M, hectors W
bowdoinu T, shepherd! and £. cuvirostns are

probably taie here, at least in shallow (<200 m)
walets between the continental shelf and the coast-

Oeen-watcr and pelagic species such as R crassidens

and /. L-ctvtro^uis (I eatheiwood &. Reeves 1983:

Ross 198-ii are frequent stranders in Tasmania
(Nicol 1987) and New Zealand (Baker 19K1). where
deep walets occur closer to shore than in Sown
Australia The same may apply to T. shepherdi: a

more common sirander in New Zealand t A. Baker
pers. comm. 1990) than in Australia. Beaked whales
lend (o live in deep waters <>2(K> ml beyond the

Continental shelf where t hey feed on deep-water

fishes and squid (Ross 1989). They may also feed

in areas having underwater cannons (G. Ross pers.

coram 1990) such as the Murray Canyons,
.uMiilicasi of Kangaroo Island, and the canyons
southwest of Ceduna (Griffin & McCaskill t9Kr>).

Whether cetacean stiandmg> happen (or are

recorded) depends upon many factors including

animal Tnnvnntmls (.seasonal or diurnal), human
activity and awareness, Ihe physical environment
and the climate. In Tasmania, fslkol (1986) found
tltai cetacean stnmdings were recorded most
frequently in regions *ilh high human activity and
a complex coastline. Gemci & St Aubin (1979)

concluded tlmi most stranding* occur on gently

sloping beaches oi naruial Iraps* iti the shoreline

In South Australia, icported stranding evtnis do
not occur evenly along the ooaiUFig. 11. (hey were

frequent in regions wilh large bays (eg. Coffin
Bay/PoTi 1 incoln. Nepean Bay, Streaky Ba>)and
along westward and southwest ward facing coasts

(e.g. (..'ootong, and eastern gulf shores), Observer
effort may partly explain these concentiaiioas of

reports, because several areas of frequently reported

stranding arc near cities or aTe popular with

holidaymaVerv Reduccdob server effort, howcvei,

does not account for the small number oi reports

from the western side of Gull* Si Vinceni and
probably noi Spencer Gulf, We believe thai

prevailing southwesterly winds in winter and spring

may contribute to the frequency of stranding* along

eaMcrn shores (see Tig. I>, Other studies have

suggested that adverse weather is associated with

suandin.es (Duguy 197N), bill there are lew

substantiating daia (Gerad A St Aubin 1979)

Another iuipuriani reason tor the l rends may he

that STrajidiugs are more frequent where cetacean
abundance is hiert (Sergeant 1979). Prcsurnably

abimdancc ifi high because productivity of the

marine environment is high in some areas, such as

where upwclling events occui or deep sea canyons
are pan oi the bottom topography. Upwellings are

common summer features in the southeast of South
Australia (lewis 19S1; RochTorU 1986) and along

the coast north of CoHin Ray (P Pet rusiviez pers,

comm, 199()j. Canyons occur from Kangaroo Island

co the Victorian border and in the Great Australian

Biehi, Some of |he ureas of hieh stranding

frequency (Fig. I) can be explained by these ocean-

ngraphic Icaiutes.

In South Australia, cetacean stranding events

were recorded rhrouehout ihe year (1 ig. 9| with iwu

peiiks in frequency; summer and early autumn
(January -April), and early spring (September arid

OetooeO. Observer el fori would be ccpetfej in

increase during ihe summer months, when people

spend more time on the beaches and are likely in

Hndsirandcd animals. Nicnl(l9K6) loyiidlh.il the

hiehesi number of strandings in Tasmania was
recorded in January and that the winter months of
July and Au.qusi had fewer recorded events.

Wantcke (1988) also nmed that in southeastern

Australia more strandings were tccoided ui summer
than In winier. One would expect that in South
Australia the stranding frequency of the known
migratory species, generally the baleen whales,

would increase in winter, but u was spring when
many stranded (Fig ll) t lusnocewonhy thai many
of the rorquaLs that stranded in spring were 8.

acuioroMtata, mou of which were the 53*30 of
unirnals at weaning. Rorquals were absent froin llic

Tasmanian stranding record duiiiu: Ihe summer
monlh.s (Nicol 1986),

The early spring peak fn the overall record (fig,

9) carmol be explained by observer effete alone;
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uiitd may he an important factor. Wind velocity and

frequency, illustrated In the- form of wind roses in

the Climatic Atlas of Australia (1988), show an

increase in lhe October quieter for much of coastal

Suuih Australia, and coming from a southwesterly

direction onto lhe coast.

Mass strandings arc events restricted iu lhe

odonioeetes (Sergeant 1982) and are most
frequently recorded in Gluhucphctiu 5p|X, /J

irussidens, Logcnnrhynchus acutus and H
macrocephalus (Geiael & Si Aubin 1979). J hese arc

highly social and oceanic species. Ma« standings

generally occur where a species is ahundartt

(Sergeanl I982>. Il is therefore not surprising to find

thai in South Australia, where shallow water*; extend

fur ull' lhe coasi and oceanic species would not he

expected lo nccur lit large numbers, there have been

only six recorded mass stranding events. A similar

picture is true lor Victoria (seven events; Wameke
1988) and Queensland (two events; Faterson 1986),

both with wide continental shelf's. The low number

(six; L. Gibson pers. comm. 1990) of mass

strandings in New South Wales where waters are

deep, may be a reflection of the relatively

uncomplicated nature ol the eoa^t. In South

Australia the species which have mass stranded are

P. tros\{(hjn\ O. tftt/crorMnchux /.' iruncaius and

D. rfelphis.

Overall the percentage of juveniles which

siranded 44S rather btgh (23w)t a trend also noted

by Duguy (1978) in France Sergeanl (l!>82»

concluded (hat odontoeeies have a lower juvenile

mortality than mysiicetes, probably because oK t lie

greater parental care generally associated with

odomocete social structure, lhe present study

confirms this, e.g. high juvenile proportions of C.

matginata and B. acutorosiraia, but some
odontocclcs also had about a third juveniles ("laMe

4). Sergeant (1982) reported that newly weaned and

old S acutonvitrala strand selectively. In South

Australia young B muloruilrvfu, 3.23-3.96 m in

length* have stranded between (he months of August

and October. This is slightly less rban the estimated

length ai weamne (45 m) reported by Lockycr

fl984). Births in B. u<utormtram in (he southern

hemisphere are Tcportcd to occur in May and June

(lockycr 1984). but in our records one neonatal

animal of 2.5 m stranded in Soulh Australia in lale

September or early October, The body lengths nl

stranded C. ftWf&ngta (2.01-6.20 m) are more evenly

distributed than B. aauorostrauu but there is also

a tendency for animals lo be about lhe estimated

length (cv 3,2-3.6 ml at weaning (Ross et at. 1975).

In the eastern United Slates, 17% o^ lhe cetacean

siranding events involved live animals (Mead 1979).

All species with a high incidence of active stranding

were otVshore forms, Phyzeter macmceplwhis, a

deep water species, most commonly stranded alive,

in contrast to the situation in South Australia and

other places (Rice I9R9), where Singh animals are

usually dead or moribund. In South Australia, at

least (5% of the recorded siranding* were active,

but recent information suggests a much higher

percentage.

The South Australian marine environment is

unique: low nutrient levels are offset by upweUiug
events and proximity to The rich warers south of the

Antarctic Convergence; the Indian Ocean influences

rhc occanographic conditions through several

currents; and the gulf waters afford some iMPtection

from wind and cold water, a.t least al some times

of year.

It is hoped that additions lo lhe cetacean

stranding data base, coupled wilh a belter insight

to the State's oceanography* will permit more
detailed analysis of the trends ideniificd here and
lead to a greater understanding of the biology of

rhe many species of whales that occur in southern

Australian waters.
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RELATIONSHIP OF RESIDUAL HILLS AND SHEET FRACTURES IN THE
GAWLER RANGES AND ENVIRONS, SOUTH AUSTRALIA

byE. M. Campbell & C. R. Twidale*

Summary

The domical hills developed on silicic volcanic rocks in the Gawler Ranges are typical of many,

perhaps most, of their counterparts in other parts of the world, in that they are most satisfactorily

explained as etch forms. That is, they are features that have evolved in two stages, the first

involving subsurface weathering, the second the stripping of the regolith to expose the bedrock

surface beneath. Some of the residual hills developed on granite in the western part of the Ranges,

in the Kondoolka and Hiltaba areas, not only differ in morphological detail, but also in their

possible mode of origin. Moreover, the region offers evidence relevant to a long-standing debate

concerning the origin of sheet fractures.

KEY WORDS: Gawler Ranges, silicic volcanics, granite, sheet structure, bornhardts, etch surface
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REI ATIONSHIP Oh RESIDUAL HILLS AMO SHEET FRACTLRKS IN THK
CAWI ER RANGES AND ENVIRONS, SOUTH AUSTRALIA

by L.M. CAMPBt-LL & C.R. Twioai (=«

Summary

Omphu i , £. M. & Tvvumij-, C. R. (tWL) Relationship ot residual hills and sheet fractures in die Oawler

Ranges ttid environs, South Australia. Trans. R. Sot: 5. Ayst, U5(2\ 53-66, 31 May, 1991.

The domical hills developed on xihcie volcanic rocks in the Gawler Ranges are typical of m^ny. perhaps

niosi, of their counterparts in othet parts of the woiltl, in thai chey are mowl satisfactorily explained as

OKii forms, That is, ihcy are features that have evolved in two staccs, the fust involvine subsurface wcatherm-i,

the second the Mapping of (he regohfh to expose The bedrock Surface henealh. Some of the residual hill*,

developed on granite in the western pari of (he Ranges, in (he Kondoolkn and Hilraha mens, noi onl> ddler

In morpholowcwl detail, but also in Iheir possible mode of oihun, Moreovc;, the leju'ou oltVi^ evidence

tclcvani to a lonfc-Mandmg debate concerning die onsin ot sheer iraetures.

Krv VVokrv, Ciavder Ranges, silicic voleanies, granite, shoot structure, hornhardts, cleh surface

Introduction

The Gswlcr Ranees is a prominent upland

loaned to the north of fcyie l^ninsulu, in the arid-

scminrid interior of South Australia (Fi£. I;

Campbell I990 1

). Developed mamly on the Gawler

Kanj&e Voleanies of Middle Proterozoic age tBbssctt

&. Radke 1980; Btissetl el uL 1989 ), the roassil

stands highest in she south. wheTc b mes steeply

200-250 m from the piedmont plains to elevations

of over 400 m, To the north, hill crests arc lower.

In the Vloonatet- area the maximum height abovv

se3levei is 336 m in Bond Hill and Chuanilga Hill,

at 31? m above sealevek is fto higheu poim in the

Kokaiha region. Here the terrain u also more open.

bu| the transition from hill to plain is cverywhcie

abrupt, For The most pan, and especially in the

smith, the massif comprises ordered rows of

domieal hills or bornhardts (sec Borohardl 1901),

Willis 1934; Twtd.lle 1982a) developed on volcanic

rocks.

The tJavvler Range Voleanies are crystalline and

compact. The rock is physically haul and
impermeable. Though well fractured, fcty of the

pari ittgs arc open and i he rock is essentially massive.

On the other hand, angular blocks up to 5tJ cm
diameter form a discontinuous vv-neer on the

hillslopcs.

The impermeahle character o! the voleanies

enhances the significance of fractures, for ir is only

by way of such partings that water can penetrate

TX'pt oi Ceoluey and Geophysics. University of
Adelaide. G.PO. Box 498, Adelaide, South Ausu 5001.

Campbell. LA). (1990) Structure and surface in toe

Gawler Ranges. South Australia- Ph.D. thesis, University

ol Adelaide. Inpiibljr.ucd.

Blisseli. A.H., Parker. A.. I. & Schefflet. All- <I989>

Gawler Range l-xuirsion, October 6~9ih M>89 f)ppt
Mint"- A' i-ntr^y, S A us! figp Bk tf9/7o

into the rock mass. Three fracture systems,

orthogonal, sheet and columnar, crucially influence

(he morphology ol the hornhaidts. bach bornhardT

is developed on a rraciute-defirteU block of square.

rectunt'ular or, wort? rarely, triangular plan shape

(Pig. 2). Each is related to a well-developed, if in

places distorted, orthogonal fracture sy>tem the

component s of which ttend predominantly

nnrtnwest-nortluirirthwcst and nottb-noriheast.

In profile I he domical shape of the hill* is

associated with convex-upward sheet structures up
10 3 m thick (Fig. 3). In detail, banks of columns

defined by polygonal fracture systems, are

prominent components of riillslopes <Hg 4). Some
of these columuat joints are due to contraction on
cooling but others are of tectonic origin and are

related to the- regional scale orthogonal systems.

The columnar and orthogonal systems arc of

considerable antiquity, both predating the Late

Protercr/.oic (Campbell 1990 1

, Campbell & IWidalc

1991). The age of the sheet fractures is more difficult

to determine but they aTe probably older than I he-

Beck Surface of Jurassic age (Campbell 1990').

Thus the basic morphology of the hills is

determined by geological features of great antiquity.

The Gawler Range Volcanic* ^onsisr

predominantly of daeile, rhvodaeite and rhyolitc

that originated as a layered sequence of ashflo\s

deposits or ignimbrttes. They were deposited aboin

1592 Ma. About 15K3 Via they were intruded by the

Hiltaba Granite Suite fanning el al 1986; Webb
i'f al, 19K6). The radiometric aee determinations

obtained from rhe voleanies and the ^ranile confirm

the observed field Telanons because the former ate

tniruded by the latter. The occurrence of remnants

of the voleanies at Ml Cooper, Perfect ion Well and

the Nuyti Archipelago, sugge-as that the plutonie

mas* was largely cmplaeed withm the ignimbntc

deposit, though much of I he oriental volcaim.
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outcrop has been eliminated by weathering and
erosion, reducing the original minimum extent from

abuui K0.000 km' io the present 25,000 knr'

(Blissett 1985).

Within the Ranges the granite is extensively

exposed only in the western region around

Kondoolka and Hiltaba homesteads and in the.

north near Kokatha Homestead. Jn the soul hwest,

the granite was emp laced in a northwest-southeast

trending zone extending through Cotton Nob
(Fiti, 2). The /one of intrusion runs parallel to the

fracture-related C.'orrobmnie Depression (Bourne et

at 1974; Binks & Hooper 1984) suggesting that it

too may have been developed along a major fracture

/one. The contact between The granite and the

votcumes is irregular in detail. Patches of volcanic

rocks are capriciously distributed on what are

essentially granite hillslopes. Some contacts arc

gentlv inclined, but most are Sleep (Fig. 5). A
vegetation change commonly accentuates the

contrast in rock type, for spinifex is characteristic

of the upper slopes of volcanic hills, whereas the

vegetation of the granite outcrops is generally

dominated by Acacia tarcuiensis J.M. Black

<Whiblcy 19S0) and Eucalyptus brachycalyx —
Blakely "(Jessop & Toelkcn 1986).

Origin of the bornhardts

Bornhardts developed in Uawter Range Volcanic^

Though ail are domical, the bornhaidts of the

Gawler Ranges, like their counterparts in other

areas, vary in their precise form, individual Ivills rise

to a maximum of 200 m above the adjacent valleys

or plains, but low rises only a tew metres high are

also common. Isolated forms are up to 2 km in

diameter, but many bornhardts form interconnected

groups that together measure, up to 10 km in length

(Fie. 6). Typically the bornhardts are rounded oi
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elliptical in plan, though (he linked forms are

irregular.

As was recognised by Dickinson (1942) there arc

prominent bevels preserved on the bedrock crests

of many of the bornhardts together forming a

summit surface which has been called the Noti
Surface (Twidale et at. 1976). Most bornhardts are

devoid of regoliih. Evidence of significant deep
weathering of the bedrock occurs only in major
valley floors, though the upper slopes of some
bornhardts carry patches of a ferruginous rind. The
only known remnants of an old regolith, with

corestones set in a weathered matrix, are preserved

on midslope sites north of Pauey Homestead and
near Nonning Homestead -

These bornhardts are all probably of etch or two-
stage type (Falconer 1911; Linton 1955; Budel 1957;
T\vidale 1964, 1982a, 1982b; Campbell 1990'),

During the Jurassic (and possibly earlier times) the

then outcrop of the volcanics was reduced to a
surface of low relief beneath which a regoliih
developed, largely as a result of moisture attack
(Fig. 7). The depth of weathering beneath this

surface — the Beck Surface — varied, but was
deepest along the fractures that define the

orthogonal blocks. Then, during the Early
Cretaceous, rivers were rejuvenated, The regolith

was stripped to expose the weathering front, the
Nott Surface. Because of differential weathering,
it had been shaped into a series of domical
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Fig. 3. Sheet structure coincident with hilUlopcs in Gawler Range Volcanics. norih of Hiltaba Outstalion, western

Gawler Ranges.

Fig. 4. Banks of columns exposed in lentiuilai sheet structures. Fancy district, southern Gawler Ranges.
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protuberances separated by fraetuie-*eonirollcd

linear depressions <Wopfner 1969: Campbell 199(1':

Campbell & Twidalc J99J). The landscape icvival

may have been a consequence of upblt along IM
Cnnohuinie Fault, lo give rise to the prominent
south-facing escarpment that delimits the Ranges
on Ihcir southern side; or subsidence of the present

Lake Eyre region to produce the hromnnga Rasin;

or both,

The chronology of events responsible for shaping

the volcanic bornhardts i> suggested by the

relaiionships berween the etch surface in ihe Gawler

Ranges and ihe stratigraphy of t he sedimentary

sequences preserved in the Erxrmangu Basin, located

to the nnnh and northwest of the upland. The Mt
Anna Sandstone mem bet of the Cadna-owie
Formation, pT harly Cretaceous (Neocomian-
Aplian) age, contains boulders of Gawler Range
Volcanic* iWopfncr 1969; Wopfncr efj al 1970).

I hese boulders arc construed as erstwhile

cotestones formed within Ihe Beck Surface regohth.

The bnulderv low in the rVfi Anna Sandsione arc

more weathered than Those above ihenu consistent

with tJtcir bein£ derived from Ihe stripping of a

tcgnliih. Current directions and thickness
measurements also indicate a southerly provenance

for the Mt Anna Sandstone (Wopfner 1969). AH (his

Mimesis lhai the bornhardts were initiated in the

subsurface during Jurassic times and were exposed

as Jand forms during the Early Cretaceous. Thus the

Beck Surface beneath which the bornhardts of the

Gawler Ranges were initiated, was apparently part

of a widely developed middle \feso/ok landscape.

remnants of which are found in various pans ol

central and southern Australia ( iwidalc & Campbell

I9S8j. Thai the exposure of the residuals was
essentially complete bv the Cawozoic is suggested

first by ihe paucity of Tertiary sediments in the

Fromtmga Basin -and of .sediments derived from the

volcanic* in the liocene and Pliocene formations
preserved in the Corrobinme Depression
pulaeochanncls | Sinks- & Hooper 1984V Also,

.silcrete is preserved in valley floors within the

Ranees (Hulton ef ui 1973) and low in Ihe

topography, well below the summit surface,

marginal to the upland The silcrete here is probably

of Eatly Ternary age (human 19S3) implying that

lite higher (etch) surface is older*

Such a two-stage mud? of development is not

unusual. Most bornhardts. though by no means all.

evolsein ihU fashion. Such subsurface weathering

demonstrates the primacy of fractures in

flctennining Ihe subterranean penetration of

meteoric waters, hence In controlling the pattern of

wcafhtrine developed, and thus in shaping ihe

bedrock surface and Ihe evetiiual land form

assemblage developed. The Gawler Ranges

bornhardts aim illustrate the antiquity of elements
of the Australian landscape ( IVwdule 1976; Twidale

& Campbell 1988).

Borrthardis developed in granite in \hf southwestern

iiawler Ranges,

In general, the granite exposures stand lower in

the landscape than do those of ihe volcanic*. They
are more readily weathered than the voleatues. Ai

a regional scale the granites of north and
northwestern Eyre Peninsula have been reduced 10

extensive plains while the Gawler Ranges remain

upstanding- This may reflect the lower relative

position of the uraniLe, or tectonic uplift of fhi?

Gawler Ranges, bul Ihe volcanic massif survives

essentially intact wheieas only small isolated

granitic residuals, such as Uciuuiichic Mill and
Wudinna Hill stand above the level of the plains-

In the western Gawler Ranges (Fig. 2\ major valleys

have been incised in the granite. >et a summit
surface of considerable extent, and cut in granite.

is preserved ainund Kotrdoolfca Homestead tFig. Hi
Some higher remnants such ns Waverley Hill

(JSS m) stand almost as high as the most prominent

local peaks foimcd in volcanic rocks

The preset vaiion o\ such high .granite surfaces

needs explanation. There is no evidence of the

height to which the gianite wav em placed, because
the highest peaks, in the Waverley Hill area, du not

carry remnants of the volcanic roof that once must
have been present. The granite emplacement must
have been exposed bv the Laic Jurassic, since rhe

Nott summit surface is well represented on the

granite hills, both in the high plains around
Waverley Hill, east of Hiltaba Outstation and in the

flarttsh crests of isolated remnants snch as Cotton
Nob (375 m>. These high remnants owe their

elevation to tectonic forces, as they reflect the height

oi^ upwelting of the gran ire magma during Its

^placement some 1583 Ma.
Cotton Sob is a nubbin that rises tcntlfi 50 m

liuin a plat form or plinth also eroded in eranite and
which in turn is hordeied by a scarp about 20 m
high. Some of the bouldets that cover Cniinu Nob,
inehidtne some at the crest, are flared, suggesting

that they were once covered by a rccolith <TVvidalc

jS»62). They, and the stepped morphology of the

aiea as a whole, can be understood in terms of

phased or episodic exposure t Twidalc 6c Bourne
1975. Twidale 19S2c) and the occurrence of several

low hilU in die general urea and standing some 30
m ahove (he plains or valleys lends support tc« this

interpretation. On the othci hand, the granite

exposed in the ^0 m scarp is, m places, mote
intensely fractured than r> ihe granite ol ihe nubbin

suggesting that Ihe stepped morphology could he
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Fig. 8. Bevelled crests of Ihe hoi ntiatdis together form a prominent summit surface, shown heir developed on granite

east of Kondoolka Homestead, western Gawler Ranges.

a reflection of structural factors, though it is

unlikely that fracture density is arranged in

concentric patterns as the plinth and boss pattern

of topography around Cotton Nob implies.

Mt Wallaby is another high residual of unusual

shape and origin. Standing 333 m above sea level

and some 130 m above the surrounding plain, Mt
Wallaby is a markedly asymmetrical east-west

trending ridge of granite (Fig. 9). Its northern slope

is gently inclined and boulder-strewn and stands in

marked contrast with the bare, precipitous, even

overhanging, southern face on which polygonal

cracking is well developed. The whole feature, but

especially the southern scarp is linear. That it may
be related to east-west fractures is also suggested,

first by the presence of many prominent latitudinal

joints, many of them with associated lineation of

the bedrock, and second by the presence, a few

hundreds of metres to the east, of two rectilinear

east-west drainage lines. In addition, what may have

originally been essentially flat-lying joints do, in

fact, dip gently northwards. This suggests that Mt
Wallaby may be a half horst upthrust at its southern

margin.

Most of the granitic bornhardts of the western

Gawler Ranges are low domes standing above the

valley floors and plains, and there is here good

general argument to suggest that they, like their

volcanic counterparts in the Gawler Ranges, are

two-stage forms. Admittedly there ate no exposures

like those at Ucontitchie Hill on Eyre Peninsula and

elsewhere (see Twidale 1982a) that demonstrate

contrasted fracture density between hill and plain.

But, whereas the domes are invariably constructed

of massive bedrock » the rocks beneath the

intervening plains were probably densely fractured

since they are altered to depths of up to at least

80 m, and commonly to depths of 40 or 50 m
(S.A.D.M.E. borelog information — see Fig. 2).

The valley floor domes are characterised by the

presence of numerous boulders, suggesting that the

outer shells or sheets of granite have disintegrated.

Where domical forms are partially covered by the

volcanic host rock, but which can be seen in section

(Fig. 5), the outer layers of granite arc bouldery.

There is no suggestion that the outer boulders

represent globules of liquid granite that have

migrated into the volcanies (cf Barbeau & Geze

1957): they are weathering forms. The presence of

boulders so close to the contact suggests that the

breakdown o( sheets takes place beneath the

surface, as a result of the infiltration of meteoric
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pig, y. Mt Wallaby, an asymmetrical gTAflftft <cxkluul in [lie wesiem Gawler Range*.

waters through ihe overlying volcanic rocks and inio

the granite below. This suggestion is sustained by

the dared character of some of the boulders

(Twidalc l%2). On the other hand, the volcanics

adjacent to the granite are not themselves notably

weathered. Indeed, where the two took types,

volcanic and granitic, are exposed side by side there

is no major topographic break between them,

though the detailed forms contrast sufficiently for

them to be identified from afar (Fig. 5).

1 tie similarity both in shape and in size of the

exposed and still partially covered granite rises

suggests the possibility that some of the granite hills

located close to the volcanic-granite contact may
be stocks, bosses or protuberances developed at the

margin of the batholith and exposed by the

preferential erosion of the overlying host rock

(Twidale 1982a, 1982b). Both the exposed residuals

and those seen only or partly in section are boulder-

strewn nubbins. The exposed and the still-covered

appear to display a similar range of size and shape

(Fig. 5). In these terms the domes are tectonic

forms, i.e. they acquired their essential morphology
during intrusion. On the other hand, the volcanics

are evidently more resistant to weathering and
erosion than is the granite, making it difficult to

explain why the host rock should have been

weathered and eroded, leaving the granite

promberances intact. Doming and stretching of the

volcanics, possibly consequent on the intrusion ol

the granite, could provide a partial explanation, but

the problem essentially remains.

Thus, whereas the bornhardts of the volcanic

outcrops of the Gawler Ranges are sensibly uniform
in morphology and are all likely of the same origin,

the hills of the granitic areas vary in their detailed

morphology and, possibly, in their genesis. Some
are congeners of the volcanic bornhardts, but others

may not be. All however display fracture control in

plan.

Irise/bergs of adjacent areas

Some volcanic bornhardts within the Gawler
Ranges, particularly those located on the margins

of the massif, stand in essential isolation and thus

can be considered inselbergs - rocky residuals

standing abruptly from the level plains around
them. Jnselbergs are also well represented in the

southern piedmont oi the Ranges and in the areas

west and south of the upland. Indeed, the inselbergs

of the southern piedmont like the twin peaks of Mt
Sturt, Waulkiwia Hill, Peterlumbo Hill and the well

named Mt Allalonc are of some historical interest

for they, together with the scattered volcanic hills

of the eastern part of the Gawler Ranges, stimulated

Eyre (1845, p. 203) to compare them with 'so many
islands in the level waste around them*, thus

anticipating the now commonly used term

'inselberg',
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The liihology and morphology of these inselbergs

varies. Musi are granitic in composition though
their textures aud detailed ages differ from area lo

area. All, however, are members of ihe Hiltaba
Granite Suite. The hills developed on these materials

include such promment peaks as Wudinna Hill and
Uconiitchie Hill as well as low, large-radius domes
like Childara Hill, and Polda Rock. Carappee Hill

is a prominently stepped gneissic insclberg, and the

low domes that comprise Waddikee Rocks are also

gneissic. Most are domical bur Waulkinna Hill is

a nubbin and several others like Ucomitchie Hill

carry blocks and boulders.

Isolated elongate residuals, such as Uno Range
and Boteuella Range composed of sedimentary and
metasedimeniary rocks are prominent features of
ihe landscape of northern Eyre Peninsula. Some,
like Caralue Bluff, have bevelled crests (see also

Dickinson 1942). In addition, there are several

domical inselbergs also composed of sedimentary
material. The areal extent and relief amplitude of
these domical forms is similar to that of the volcanic

bornhardts of the Gavvlcr Ranges. Ml Allalonc,

developed on Protcrozoic conglomerate, is a low
domical hill rising to 342 m above sea level and 120

in above (he surrounding plain. Curtinyc and Barna

hills are composed of Protcro/oic quart/ite.

Curtinye Hill is over 440 m above sea level and rises

110 m above the sui rounding gently undulating

plain. Approximately 1 km in diameter, it Conns

part ol an ancient fold belt, the sediments of which

were highly metamorphosed during the Protenvoic

Kimban Orogeny. As a result of this

mctamorphism, the rocks in Curtinye Hill were

altered to quart/ites and a schistosiry, striking 125

°

and clipping 80 L
to the northeast, was developed.

The domical form of the hill is only slightly

dissected by streams which radiate from the summit
Some have straight sectors which follow the

schistosity; others follow the trend ol a series of

vertical fractures which are predominantly aligned

at 55 "and 175 \ Sheet fractures essentially parallel

to the surface of the hill are particularly well

exposed on outcrops near the crest and on the

eastern slopes (Fig. 10).

Whatever their composition however, the

inselbcrg bornhardts and nubbins on northern l
;yre

Peninsula are defined by fractures thai form

orthogonal systems (Pig, II) and thus reinforce the

suggestion (see e.g. Birot 1952: Rognon J967) that,

through the control they exert on ihe course of

weathering, fractures are of prime importance in

Kltf 10. Chnvnslope view on Curtinyc Hill, riBSI Kiinby, norihcrn I'sn? Peninsula, -showirw sh^et IracUitcs parallel

Hi i hi* xnrlace mid cutting across- near-vertical foliation iu the Warrow Quart/ite.
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on Eyre Peninsula.
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landlord) development The insclberga ol northern

Eyre Fenin.\ula ate. like- their vulcanic congeners in

[he Gawler Range?, two-stage forms (Twidale 1964,

1982a). The treses of some of ihe higher forms,

residuals like Wudiima Hill, Uconiiiehie Hill and
<_arjppee Hill have been puiaiivcly dated as late

Mesozoic (Twidale & Bourne IV15\. if so ihey are

t .ini< aJenl Id the Nutt Sut face and were initiated

by weathering beneath the- Beck Surface.

Implicuiiuns for explanations of sheet structure

Sfieri fractures ;n gnwitk rocks

Sheet structure tn the granitic nocVs, both within

(he Range* und lu the south Oft Hyi£ Peninsula, very

much conforms with that described Itom similar

lithologtcal environments the world over. It is well

developed and exposed in bornbardts. Flat tying

fractures occur wherever granite is exposed, as for

instance a* Yarwondutia and Galea quarries. Jn

other parts of the world sheet fractures extend to

at least 100 ro (with no indication of being limited

la that depth), but here no such deep exposures are

available The sheet fractures, which take the form
of eithci a single parting, or h complex of cJtvsely

spaced fractures, are commonly disposed convex

upwards in the hills. They run parallel to Ihe .surface,

l hough vurtte converge to produce wedges. The slabs

defined by sheet structure are up to 8 ifl thick fnnly

about 4 m on Byre Peninsula), and there is a

suggestion that thickness increases with depth. The
fractures increase in inclination near major vcriical

fractures, and cut across fineaiion, foliaiion, ITpw

structures and urUioguna! joints Sheer fractures are

in some- areas older than surfkial lamination, but

yooDfier than the orthogonal fracture systems.

Sheerfmctwvs in wfcumc tovks

In the volcanic areas, hillslopcs consist of hanks

of partially overlapping slabs, that form short,

convex-upward bedrock slopes <Fi£. 3). They arc

hounded on their lower sides eithci by cliffs up to

10 m high in which vertical fractures defining

columns are well exposed, or by debris-covered

slopes. At and near the summit of the hills the sheet

structure is exposed tn horizontal benches, in the

nurtoi valleys cut in lite barnhardis, sheet fractures

we generally synformal, though in places, such as

near Eucarro Dam, southwen of Nnnning Home-
Mead and ai Peierby Hill, convex-upward sheet

fracriires are exposed in tho valley floors Jn other

vaJlevs, however, the shco factures dip toward* (he

vaJley a.\is. IV sheet fractures are inclined as much

as 40 ; Itom the horizontal, but more commonly.
wjtliMi the range 5-2(1' Sheet fractures in the Gawlcr

Rtfngc VbJcanJes. unlike those reported from many
other areas, tend to divide the rock mass into ;i

series of lenses, tach lens being about 4-30 121 across

and 1-8 m high (Fig. 4). In places the geometry of

the sheets is irregular, tor example in a valley incised

in Peterhy Hill swells and depressions that are V-

stiaped in cross-section reflect the disposition ol the

sheel fractures. The sheets below, though of similar

morphology, ure offset with the depressions being

located below the swells ol the sheet above and the

lioughs beneath the arches.

The maximum observed thickness oi sheets in

Gawlcr Range Volcanic* is 3 ni. Jn many exposures,

e.g. at Spring Hill, sheets about 1 m thick ate

underlain by thinner (10 em) sheets. However, deep
exposures are tare. Evidence from the quarry at Mt
Cooper suggests that sheet structure may not extend

to great depth; although sheets of one mcue
thickness are present at the surface, sheet structure-

is not developed in the 10 m or so of rock exposed

in ihe quarry faces.

The surface* of sheets are essentially ftesh. with

little or no weathering of the adjacent rock.

Polished sut faces, slickensides and the offsetting of

columns along shed fractures at a few sites suggest

local lateral dislocation.

Though lucally variable, sheet fiaeiuies tend to

be essentially flat-lyinu on the crest of the

bornhardts and to increase m declination dovvnslope

towards the valleys that are associated with the

regional and smaller scale orthogonal system* of
fractures, suggesting that the sheet structure 05 either

contemporaneous with, ox younger ibaa, the

orthogonal systems.

Sheet fractures and vertical columnar joints

impart a stepped profile to many hill slopes. Some
sheet fractures terminate ah aptly against the

columnar joints although many merge with the

sheet fracture above or below. Sheet fractures

transect columnar joints, both of contraction on
cooling and of tectonic origin. The sheet Iractuies

must postdate the columns. This relative age is

indicated by the offsetting of columns along tbe

sheet fractures.

The shea structure in the boinhardts developed
in Gawlcr Range Voicanics u not typical of that

described from many oihcr areas in thai it is

associated with columnar joints due to contraction

on eooiiue. The lenticular forms are not typical <»t

sheet structures tn general, nor are the evident

restriction of the sheet structure to the super fieial

zones and the presence of thinner sheets beneath
thicker ones. The close association Of sheet .structure

with the morphology of the bornhardts is, however,

Characteristic.
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Sheet fractures in sedimenrarv rocks

Sheet fraaures have been described from
sandstone in several i>arts oj the win Id. Bradley

(1963), lor instance, described thick sheet .struclures

developed »n the massive Navajo Sandstone of the

Colorado Plateau. Ayers Ruck in central Australia

is a well known example of an insclbcrg developed

in Cambrian arkose and displaying sheet structure

fTwidale I97KJ. Similaily, sheet Iracturex are well

developed in the domical insclbcrgs cut in auartzitc

on northern byre l*eninsula. Alihuugh on Mi
Allalone the .sheet fractures are apparent on only

a few liroiicd outcrops, on Curtinyc Hill they are

clearly exposed as bare rock outcrops, particularly

on the eastern side The sheet structure cuts across

the foliation, at\<\ also dips inwards ihe bottom ui

rhe minor joinl-coiurolled s alleys I H n t score the hill

It is flat lying near the crest, hut increases in dip

to about MV further down Ihe slope.

OrfRms of sheet fractures

Sheet fractures ha>c been explained in many ways-

One widely accepted explanation links ihem with

erosional offloading or pressure release. The
geometry of the fractures is regarded as consequent

upon the form of the land surface. The hypothesis

was developed in relation to granitic (Gilbert 1904]

and other pluiomc n»cK> that were, u was argued,

einplaced deep in the erusi, at a depth of several

kilometres but which ri:is<r been exposed as a result

of Ihe erosion of the original superincumbent load

The implied vertical unloading has given rise to

radial expansion of which tangential Iraeiures

sheet fractures - are an expression Though the

hypo!hcMs has been ..nheiscd (see e.g. Dale J923;

Comes 1964; Twidule 1964, 197?) the offloading,

unloading (sec eg. Skinnei & fonct 1987) oi

prevsure release hypothesis is Mill the most luvoured

explanation of sheet structure Indeed mun\
geologists refer to sheet fraeuues as piessurc release

ui nil loading joints.

Trie other generally accepted explanation ol shcel

fractures involves horizontal compression There is

much evidence and argument to support this

suggestion (Merrill 1897; Dale 192^, Twidale 1964.

1973) In particular, many parts of Australia hast.

been shown by direct measurements to be in

xub.slaniial compressive stress tMoye 1958; Denliam

H al 1979), Also a suite ol minor laudlorms

associated with the release of compressive stress has

been desenbed from northwest byre JVniusula

(Jennings & Tssulale 1971: Twidale & Sved I97K:

Twiddle 1 986 J. In this regard it isnouhlr that within

ai)d aiound the uawicr Ranges sheet structure

.M.vuis un bomliatdts ol' vuriou.-- lithotomies.

including silicic vulcanic rocks, svhich have not been
deeply buried. This poses problems for ihe

offloading hypothesis. I he oi thugonal fractures of
the Crawler Ranges are of Proicto?oic age. Ihe
initial ion of ihe bornhardts at the weathering front

did not take place until the early or middle
Me%o7oic II is difficult to understand why, yiveii

the existence of orthogonal fracture systems, any

tendency to radial expansion *onscyuent on
unloading was not relieved along partings alrcads

in existence rather than through Iht development
of a new sol ul fractures, h is also Questionable

whether the pile of volcanic rocks iitio which ihe

granite of the western (iawler Ranges was intruded

was of a sufficient weight to have imposed vertical

stresses the relief of which wuuki haw produced
sheel Iraciures.

The occurrences of sheet fraciutes in sedimentary

locks is difficult to explain in terms of the
offloading hypothesis where regional and local

evidence is suggestive of compression. C nrtinye anil

Barua hills are purl of an elongate outcrop of
metasedimentary rocks that ought tn gjvii rise to

strike iidges such as indeed are found on
Proterozoic quart/ices, for example, in the Botanella

Range, in a varied sequence nl Proterozoic

sedimentary rocks on Eyre Peninsula and in fold

mountain belts the world over. Similarly Avers Rock
ought to be a strike rid^e; instead then? is a bevelled

dume The sheet siructure is surely not consequent
on ihe form, as is implied by ihe offloading

hypothesis, for the 'natural' torm is a ridge or a

range. Cross folding or shearing may be responsible

for tbc stresses which gase rise to sheet sinicture

m A>et.s Rock (Twidale 197$) and shearing may have

produced the sheet ftactuiesof Curtirtyv and Harna
hills Uig. 12).

tie that as it may, the sheet fractures of the

Navajo Sandstone occm ui a different u\ tonic

regime, namely wii)iin or close to the Rio Grande
(exiensionall Rift iBaldridge &. Olsen 19K9).

Convex-upward sheet stmuiire is developed in the

Organ Mountains and also in the Rio Grande
lensional ^one, southern New Mexico te.g. Scager

19811 The*je, too, may be interpreted as evidence

that sheeting fractures can develop in non-
Lompressumal environments. There can be local

compression even in a region of extension, just as

horsts have been thiust up within lensional rifts.

Sheet iraciures could, fur example, be micrprelcd

as due to upthrusi during emplacement of the hot

igneous rocks (cfBcerie 1839; Whitney 186?; Harris

IHKSl. On balance, however, (he unloading
hypothesis ofsheet fracture formation suggested hy

Bradley (1963) may be valid in the Navajo
SuHdMcuc (hough il seems unlikely in Iheumlex*
o! Ihe Australian areas discussed.
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explanations lor the stresses which give fjjc to sheet

srruct urc, and hence the domical »Orm of l he inselbergs,
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Conclusion

The bornhardts developed on volcanic rocks in

the Gaoler Ranges are features of considerable

antiquity that have evolved in two stages, the tirst

involving subsurface differential weathering, the

second the stripping of the regain h to expose the

bedrock surface beneath The plan form of the

bornhaidts is related to complex systems of

orthogonal fractures which developed during the

Middle Proterozoie. Their domical profile is a result

of the development of sheet fractures, which were

apparently present prior to a Jurassic period of deep
subsurface weathering. The detailed slope

morphology of ihe bornhardts reflects the presence

of orthogonal fractures at various scales, of sheet

fractures and also of columnar joints due to

contraction on cooling of the extrusive mass. The
bevelled crests of the bornhardts ate part of a.

summit surlace which was exposed by stripping of

the rep.olith in Early Cretaceous times.

In the western Cawler Ranges bornhardts of
varied morphology are developed on granite which
was intruded into the Gawler Range Volcanics in

Middle Proterozoic times. Orthogonal fracture

systems and sheet fractures are of fundamental
importance in determining, the shape of these

features. The development of some of these granitic

bornhardts may be due to tectonic forces or to

suuciutal factors; some may be Mocks exposed by
erosion of the host rock; most, like their

oounterpatts in the volcanic rocks, are two-stage

forms.

The shape of isolated domical mselbergs
developed on resistant rocks of varied composition
on northwestern tyre Peninsula is also fraciure-

conirolled, Orthogonal and sheet fractures

influenced their morphology. These may also be
etch forms.

The residuals of different lithologies present

various problems lor the offloading hypothesis of
sheet fracl ure formation. Although there is no direct

evidence that the sheet structure is due to lateral

compression, ihe confinement of the domes with
sheet structures to blocks defined by orthogonal
systems, the forms and measurements indicative of
crustal compression, and the development of dnmes
in quartzites can all be construed as corroborating

(his suggestion.
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DESCRIPTIONS OF THE TADPOLES OF SOME AUSTRALIAN
LIMNODYNASTINE LEPTODACTYLID FROGS

byMargaretDavies *

Summary

Early development and late stage larvae of the limnodynastine frog species Heleioporus

albopunctatus and larvae of Neobatrachus centralis, N wilsrnorei, N kunapalari and Mixophyes

schevilli are described and illustrated.

KEY WORDS: larvae, embryos, Heleioporus albopunctatus, Neobatrachus centralis, Neobatrachus

wilsrnorei, Neobatrachus kunapalari, Mixophyes schevilli, frogs



DKhL'RlPTIONS OF THK TADPOLES OF SOMK AUSTRALIAN LIMNODVNASTINE
LKPrOOACTVLID FKOGS

by Makgare-t Davif.s*

Summary

Daviks, m (1991) Descriptions of ihc tadpoles of some Australian limnodynasrinc lepiodactyHd toim
Trurts, fi. Sac. S. Auxf. 115(2), 67-76, Jt May, 1991.

Ka» ly development and late stage Inrvae of (he lirnnudynastinc frog species Hctewporus uih<*imn< httu*
and larvae ai Ncohutrachu\ (.xntrulfc, N. wkmorei, N. kutwputarl and Mixophyes sdwvilh are described
and illustrated,

KM Wokov larvae, embryo\ H?fc-iopornsa/hopunctutus
t NeahatmehiK centralis, NtobulrtKhus witxmorei,

Heobutruckus kunapulun. Mixophyas wheviffi frogs

Introduction

Despite considerable advances over the last

twenty years, larval Jbrms of many Australian frogs

remain unknown, Tyler (1989) documented those

for which descriptions have been published, but the

breadth of information available for the listed

species varies considerably. For instance, some
papers provide a composite description of larvae

but lack any early developmental data (e.g. Watson
& Martin Wfty or illustrations, (e.g. Lee 1%7):
authors rarely have access to complete life hisiury

data.

In addition, larvae attributed to species in the

early J%0's may be wrongly identified (e.g. larvae

of Neobatruvhus phtus and .V crntmlis, Martin
1965; Watson & Martin 1973). For this reason

additional data arc necessary CO ensure association

of larvae with adults of species as currently

recognised.

During studies of the ontogeny of bone? of
linmodynastine leptodactylid frogs, tadpoles of
various species have been reared. Some of these have

not been described, or have been unreliably

associated with adults. Here I provide information
tin I he early development and larvae of Heleaypunis

albapunctatus and on the larvae of Neohatruchus
cen tralis. N. wiis/ ttoret, N. kunapalari and
Mixophyes schevi/fi.

Materials and Methods

Material reported here is housed in the Dcpt of
Zoology, University of Adelaide, larvae were staged

according to Gosner (I960). Measurements were
made using dial caliper* measuring to 0.05 mm or
with the aid of an eyepiece micrometer.
Measurements taken (in mm) were; total length

(TL), body length (111.).

pent of Zoology. University of Adelaide, G.P.Ol Bow
49K. Adelaide. S. Amu 50)0

I hie drawings were made with the aid of a

camera lucida attached to | Wild MS stereo

dissecting microscope. The format of Ihc latval

descriptions follows Aimis (1976).

Results

Heieioporus ulbopunctalus Gray
FIGS 1-5

The earliest stage available was an embryo within

the egg membranes at stage 20 (Fig. 1) which is

perched on a large yolk sac around which (he tail

is wrapped laterally. In five of six embryos the tail

is wrapped sinistrally and in the sixth, dcxtially. The
cornea is not yet transparent but the eye is partially

pigmented. External gills are not apparent and
ventral adhesive organs cannot be located. The
stomodacal pit has differentiated into a mouth
consisting of an upper lip overhanging an

unperforated mouth cavity. The olfactory pit also

is unperforated. A well-developed orifice (anal

opening) is located at the junction oi' the tail with

ihe body (Fig, I). The embryo is lightly pigmented
with a brilliant yellow yolk sac

By stage 22 the olfactory pit has become
perforated to form the nares. Two upper and two
lower tooth rows have begun to keratinize. The tail

remains wrapped around the yolk and curved up
over the face covering one nostril and the cornet

of the eye (Fig. 2). The yolk sac shows the

beginnings of eoiliug and the anal opening remains
prominent. Blood vessels are present on the tail tins.

A yellow spot occurs on the top oi the head at the

level of the anterior extremities of the eyes. The
embryo remains in the egg membrane at this stage.

External gills arc absent but an aperture is

detectable on the left hand side in the usual position

of external gills. Ventral adhesive organs also are

absent. The embryo is covered with a line dusting

of fine brown pigment.



M. DAVIES

Fie. I. Embryo of Heleioporus afbopunctaftts at stage 20: a, dorsal and b, lateral view-;. Scale bar = 1 mm,

Fig. 2, Embryo of' Ht>leiaporu<; alhopunamus at stage 22: a, lateral and b
7
dorsal views. Scale bar - f nun.

By stage 24 the embryos have hatched. The tail

is Hexed at its tip and the mouth is situated

anteroventrally (Fig. 3). Later al this stage the tail

loses some of its flexure. The anus is dextral and
open. The operculum has closed but the spiracle

has not formed.

By stage 25 ? the mouth is directed anteroventrally.

The tail is still very .slightly Hexed and the spiracle

is forming. Coiling of the gut is detectable, but it

remains yolk-filled.

At stage 36, the gui appears yolk-filled but is fully

coiled. Keratinization is incomplete on the tooth

rows but is apparent in some state on all the

presumptive mouth structures.

By stage 28 the tadpoles are feeding and the

mouth parts are fully formed,

A larva al stage 33 is illustrated in Fig. 4,

The body is elongate and widest at the eyes, the
snout is evenly rounded in dorsal view and slopes

gently in lateral view. The nares are dorsolateral and
sessile, The moderately large eyes are dorsolateral.

The spiracle is sinistral, ventrolateral and visible

from above. It opens posterodorsally and has a

constant diameter along its length- The anal tube

is dcxtral, long and opens about hallway up the

ventral fin. The tail fin is not arched and is gently

rounded terminally with the dorsal fin extending

along the posterior 1/10 of the body and deepest
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Fig. ,V a, Dorsal, b, ventral and c, lateral views of a larva

of Heteioporus albopunctatus at stage 24_ Scale bar =
1 mm.

approximately halfway along its length. The ventral

fin is deepest about 1/3 of the way along its length.

Tail musculature is moderately thick and tapers to

a fine point posteriorly. The mouth is anteroventral.

There are six upper and three lower rows of labial

teeth. The second - sixth upper and first lower rows

are divided (Fig. 5). The horny beak is of moderate

proportions. Tail musculature is pigmented and

pigmentation also occurs on the dorsal and ventral

fins (Fig. 4).

Meristic data of tadpoles are provided in Table 1.

Comment: Lcc (1976 p.388) reported that the tooth

row formula as recorded here is the "maximal
observed" and that variability occurs: "commonly
1 or 2 complete, up to 5 incomplete upper labial

tooth rows; 3 lower labial rows, 2 may be
incomplete"

The mouth illustrated in Fig. 5 is essentially the

same as that illustrated by Watson & Martin (1973)

for H, ausiraliacus. However the absence of external

gills in developing H. albopunctatus is not mirrored

wH. austratiaeus. Watson & Martin (1973) reported

external gills in this species. No comment was made
about absence of adhesive organs. Adhesive organs

(oral suckers) rapidly disappear after stage 21

1 #$ - : "( >-'J&

& ^ U. :Vf0. »35
;C\1 -

'"
: --"-'

Fig. 4. a, Lateral and b, dorsal views of a larva of Heteioporus albopunctatus at stage 33. Scale bar = 10 mm.
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TABLE 1. Measurements (in mm) of tadpoles.

Species Stage Total length
x (range)

Body length

x (range)

Neobatrachus
centralis

N. wiismorei

N. kunapalari

Mixophyes
schevilU

27 23.8

29 36.7

32 35.5

(35.5)

34 37.9

(37.6-38.2)

35 37.2

36 43.31

(33.7-50.7)

37 50.0

(48.2-51.8)

38 49.99

(46.0-57.1)

39 50.93

(49.3-52.3)

41 49.77

(45.6-54.5)

42 39.47

(35.7-41.7)

43 31.38

(22.5-40.7)

44 19.43

(15.8-21.6)

34 49,6

40 59.8

41 62.9

(61.4-64.4)

36 40.7

24 98.03

(86-116.4)

25 87.53

(75.4-107.2)

31 58.4

32 59.2

33 63.4

33/34 66.7

34 64.0

35 68.25

(66.7-70.6)

9.8 I

14.9 1

15.7

(15.6-15.8)

2

15.9

(15.3-16.5)

2

17.4 1

18.97

(16.8-23.0)

14

22.7

(22.4-23.0)

2

21.46

(19.8-25.0)

9

23.19

(2L6-23.6)
4

19.58

(16.9-21.1)

12

17.23

(16.1-18.0)

3

17.66

(16.9-19.3)

8

16.95

(15.6-20.1)

6

19.1 1

26.1 1

26.1

(25.7-26.5)

2

17.1 1

34.6

(31.1-39.5)

4

30.27

(23.3-36.0)

9

21.5 1

21.9 1

22.9 1

23.5 1

22.9 1

25.23

(24.6-26.6)
4
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TABLE 1. Measurements (in mm) oj tadpoles, (continued)

7>

Species Stage Total length

x (range)

Mixophyes teonlinued)

schevilli

37 70.13

(67.2-75.0)

38 71.7

m 74.45

(72.7-76.2)

Heleioporus
albopunciatus

26

27

15.3

16.4

(16.3-16.5)

28 22.6

(20.8-24.4)

29 27.0

33 40.9

35 45,7

(42.5-47.4)

37 47.1

38 47 25

(46.6-47.9)

41 55.9

42 44.6

43 28.98

(23.6-34.40)

Body length

x (range)

n

23.63

(23.1-24.2)

3

23-4 1

21.95

(21.2-22.7)

2

6.0 1

6.05

(6.0-6.1)

2

8.6

(8.0-9.2)

2

9.2 1

14.1 1

15.43

(12.5-174)

3

15.1 1

17-7

(17.5-17.9)

2

2L2 1

18.1 1

16.55

(16.0-17.1)

2

18.3 144 18,5

Fig. 5. Oral disc of a larva of Heleioporus athopunctotus

at stage 33. Scale bar = 1 mm.

(Gosner 1960). The earliest stage examined here is

slage 20 and it may be lhat the structures disappear

at an earlier stage in H, aibopunctatus (the form

or oral suckers varies both syslematically and
ontogenelically (Gosner I960)).

Mixophves schevilli Loveridge

FIGS 6-7

A tadpole at stage 36 is illustrated in Fig. 6. The
body is ovoid and widest behind the eyes. The snout

is evenly rounded in dorsal and lateral views. The
nares are dorsal and sessile, opening laterally. The
relatively-large eyes are dorsolateral. The spiracle

is sinistral, short and ventrolateral with a large

orifice directed poslerodorsally, and is not visible

From above. The diameter of the spiraeular tube is
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Fig. 6. a, Lateral and b, dorsal views of a larva of Mixophyes schevilli at stage 3(j. Scale bar = (0 mm

relatively constant along its length. The anal tube

is dextral and hidden in a membranous sac which

also surrounds the developing hind limbs. At this

stage, the feet protrude from the sac. The anus
opens about hallway up the veniral fin. The laii fin.s

are arched, the dorsal tin commencing in the

posterior 1/10 ol' t he body, being deepest

approximately haif way along its length. The tail

fin is slightly lounded at its terminus. Tail

musculature is thick, tapering to a point posteriorly,

Tadpoles are heavily pigmented, pigmentation

extending over the tail musculature and Tins. The
month is ventral with the oral disc surrounded by

a papillary border of moderately tine papillae (Fig,

7). There arc six upper and three lower rows of labial

leelh and five or six rows occur laterally on each

side near the angle oi' the jaw. All the upper rows

except I he most anterior are divided. The second

and third lower rows are undivided. The horny beak

is of relatively fine proportions.

Meristic data on tadpoles of A7. svhevillt are

provided in Table I.

Comment: M. .schevilli can overwinter as very large

tadpoles at staee 25 (Trenerry 1988'). This

phenomenon is reflected in the mensuration data.

Fig. 7. Oral disc of a larva of Mvcophves schcvrfh-M stage
36. Scale bar = 1 mm.

'Trenenv, M V. (1988) The ecology <y( tadpoles in a
tropical rainforest stream. B.Sc. (Hons) Thesis, Dept of
Zoology, James Cook University of North Queensland,
tjnpubl.
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Some of the material measured was reared to

metamorphosis in the laboratory whilst the

remainder was collected and preserved in the

overwintering condition at stage 25.

Tyler (1965) described the oral disc of At scheviiti

as Litoriu nunnotis (Liero 1974). He recorded six

upper and three lower tooth rows, but only three

lateral rows of teeth.

Martin {1967) reported six upper, ihree lower

lateral and three lower labial tooth rows with a

complete papillary border in M, fasaolatus whilst

Watson & Martin [1953) recorded six upper, five to

six lower lateral and three lower labial tooth rows

with a complete papillary border in M. balbus. The
mouth of this species, illustrated by Watson &
Martin (1973. Fig. 4Bh is very similar to that of A/.

scheviiti reported here. These authors also reported

development of the hind limbs in a membranous
sac in the early stages. This latter phenomenon
presumably is a lotic adaptation shared with other

sympatric stream-dwelling species such as

Nyctimystes dayi and Lhoria nannotis (Davies &

Richards 1990). However, iotic adaptations m M.
scheviiti are not as prominent as those of Af
fasciotalus (Martin pers. comrn.).

Neobatradius witsmorei (Parker)

FIGS 8-9

A tadpole at stage 34 is illustrated in Fig. 8. The
body is elongately ovoid and widest posterior to the

eyes. The snour is slightly truncated in dorsal view

and gently sloping in lateral vicu T The nares are

dorsal, sessile and poorly-separated. The relatively-

large eyes are dorsolateral. The spiracle, with an
attached inner edge, is sinistral, ventrolateral and
not visible from above. The spiracular opening is

wide; the diameter of the spiracular tube decreases

slightly from its origin to its opening. The anal tube

is dextral, relatively long and opens about r'» of the

way down the ventral fin. The tail fins are arched
and rounded terminally, the dorsal fin commencing
in the posterior V% of the body, being deepest

Fig. 3. <i, Lateral and b, dorsal views of a larva of Neohatrachus wiismorei ac stage 34. Ssfije bar ~ 10 mm.
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around the moulh disc with an anterior median gap
(Fig. 9). There arc three upper and three lower labial

tooth rows. The first upper and the second and third

lower rows remain undivided. The horny beak is

robust.

Tail musculature is finely pigmented as is the

dorsal (In. The ventral fin is pigmented only in its

posterior third. The head and body arc dusted with

fine pigment.

Keratin appears on the distal edge of the innei

metatarsal tubercle at stage 41.

Measurements of this tadpole arc shown in Table

1. A metamorphosing tadpole at stage 45 had a

snout-vent length of 20.6 mm.

Fig. 9- Oral di*c of a larva of Neobatwchus wilsnwrei

at stage 34. Scale bar = t nun.

approximately l'\ along its length. The ventral fin

is deepest about halfway along its length. Tail

musculature is thick, narrowing to a fine point

posteriorly.

The mouth is antcroventral. Labial papillae

extend anterolatmily, laterally and posteriorly

Neobatrachus centralis < Parker)

FIGS 10-11

A tadpole at stage 36 is illustrated in Fig f 10, The
body is ovoid and widest across its mid region. The
snout is evenly rounded in dorsal view and lateral

view. The nares are dorsal* sessile and poorly-

separated, opening anterolateral^. The relatively

large eyes are dorsolateral. The spiracle is sinistral,

ventrolateral, not. visible from above and with an

attached inner edge The wide orifice opens dorsally

and the spiracular tube increases in diameter very

slightly from its origin to its opening, The anal tube

y't.'-.vr'-. i.Vjy •'.':-

fcifti |0„ a. Lateral and h dorsal views ol a tarva ot Neothttrudiux centralis at stage 36, Scale bar = 10 mm



TADPOLES OF LlMNODYNASiLNfc LfcPlOUACJ ^ LIU PfeOGS 75

is median and relatively long. The tail fins are

Srched and rouuded terminally, the dorsal fin not

extending over the body and deepest approximately

hallway along its length. The ventral fin is deepest

approximately hallway along its length. Tail

musculature is moderately thick narrowing to a
point posteriorly. The mouth is anternveitlral

Hg. II. Oral disc ol a larva of Neobairachus cft/ttahs

at stage 36. Scale har = 1 mm.

Labial papillae extend anterolateral^', laterally and
posteriorly around the mouth disc, being
interrupted anteriorly. There are four upper and
three lower tOWS of labial teeth (Fig. II). The first

upper and second and third lower rows are

undivided,

A dark pigment crescent is located around the

narcs. The remainder of the body is dusted with

pigment granules. A very faint dusting of pigment
granules covers the tail musculature and the dorsal

fin but is absent from the ventral fin.

Earlier stages of iV. centralis have little or no
pigment. Keratin is formed on the distal edge of
the inner metatarsal tubercle at stage 41. A
metamorphosing individual at stage 45 had a snout-

vent length of 14.5 mm. Measurements of N.
centra/is tadpoles are shown in Table 1.

Neohutruvhus kunapafari Mahonv & Roberts

FIGS 12-13

A tadpole at stage 36 Ls illustrated in Fig. 12. The
body is ovoid and widest posterior to the eyes. The
snout is evenly rounded in dorsal view and gently

sloping in lateral view. The nares are dorsal,

sedentary and opening anterolateral^. The
relatively-large eyes are dorsolateral. The spiracle

is sinistral, ventrolateral, not visible from above and
with ati attached inner edge. It opens dorsally and
the tube diameter decreases very slighily along its

hip. 12 a. Lateral and h, dorsal views ol a latVfl of Neobctrwchu* kiwupuluri at stage 2t>, Scale bar * 10 mm
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lenglfi from the origin to lite orifice. The anal inbe

is long, dextrat and opens about ?
r\ of the way up

rhe vent tut fin. The tail fins arc poorly-arched and

rounded terminally. The dorsal fin docs not extend

along the body and is deepest about halfway afottg

us lenelh, The veniral On is deepest about halfway

qkwlg its length Tail musculature is moderately

thick, narrowing terminally.

The mouth is anterovcntral. Labial papillae

extend anterolateral!)', laterally and posteriorly

being interrupted anteromedially (Fig. 13). There

afti ilircc upper and Three lower rows of labial iccih.

The third upper and firsr lower rows are divided,

The hot nv beak is bf moderate proportion

The head and body are heavily dusted with

pigment, Q$ are tail fins and fail musculature A

Fie l> Qui din: of a larva ol Nfabttfrtarfilin kumiwlurt

Vti >lut;e 3*5 Seale bai = I mm.

circle of very dark pigment surrounds ihenarcs. Hie
ventral sutface is implemented.
Comment; Vtore species of Ncohotmrhus have been
described or redefined in recent times than ol any
other limnodynastine genus (Tyler & Ledo 1071;

Rubcrl.s I97K; Tyler <?r </V.. \9S\; MaJiony & Robeits

\98fih For this reason, the data supplied by Martin
(ls>fi5) for N. piclus and by Watson & Martin (1973)

lor N. centralis may have been based on
misidontified material. Tyler (ttyft) reidemificd the

N. plCUtt of Martin (i%5) as .V sndefti and a
redescription of /V. centralis is provided here.

Neabatrachu* radpnles are known to grow lu a
very large size in (heir natural slate; Martin (1107)
reported tadpoles of 73 mm total length.

.V. ccntta/is and /V wijsmorei arc closer lo the
short body with a strongly arvhvd (ail recorded for
/V, swielli and M. pictus by Martin 0965) and
Watson & Martin (1973) than is ,\. kunnpahvt
which has a more streamlined body. None ol (he

species examined here has the spiracle free along
its inner edge as repotted in ,V. sudelli by Martin
(1965).
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PERKINSUS (PROTOZOA: APICOMPLEXA) INFECTIONS IN ABALONE
FROM SOUTH AUSTRALIAN WATERS

BY P. J. O'DONOGHUE*, P. H. PHILLIPS* & S. A. SHEPERDf

Summary

A total of 234 abalone were collected from nine sites in South Australian coastal waters and

examined for infections with the protozoan parasite Perkinsus sp. Infections were detected in ten

Haliotis laevigata from one location in Gulf St Vincent and in nine H. rubra from another location

in Spencer Gulf. All infections were characterized by the presence of macroscopic necrotic nodules

(0.5-8.0 mm in diameter) in the adductor muscles and mantle. Microscopic examination revealed

the nodules to contain variable numbers of host amoebocytes and numerous developmental stages

of the parasite, including single ovoid trophozoites (10.0-17.5 \im) and larger rounded schizonts

(12.5-35.0 |im) containing vacuolated merozoites. The morphological and ultrastructural

characteristics of the parasites were similar to those previously described for P. olseni. A total of

240 Pacific oysters (Crassostrea gigas) were also examined from four commercial farms in

neighbouring coastal waters but no Perkinsus infections were detected.

KEY WORDS: Apicomplexa, Perkinsus, abalone, Haliotisy morphology.
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PERKINSUS (PROTOZOA: APICOMPLEXA) INFECTIONS IN AHA LOIN K IKOM
SOUTH AUSTRALIAN WATERS

by P. J. O'DONOCJJUE*, P. H. Philups* & S. A. Shi PHI-Knt

Summary

O'Donouhuu, P. J., Pwi.uHs, P. H. & Shepherd, S. A. (I99|) frrktnsu* (Protozoa: Apicompkvxa)
infections m abalone from South Australian waters, frans, A?. Sue. S, Attst. 115(2), 77-82, 31 May, 1&0U
A total oi* 234 abalone were collected from nine sites in South Australian coastal waters and examined

for infections with tht prolo£oan parasite Perkinsus sp. Infecilons W£r* detected in ten Ha/iotis htcv iftuta

from one location in Gulf Sr Vincent and in nine H. rubra bom another location in Spencer Guff. All

infections were characterized by the presence of macroscopic necrotic nodules (0.5 8.0 mm in diamciei>

in the adductor muscles and mantle. Microscopic examination revealed the nodules to contain variable

numbers oi host amoebocytes and numerous developmental stages of the parasite, including single ovoid
trophozoites (HUM7J pm) and larger rounded schi/onts (12.5-35.0 urn) containing vacuolated meto/oite*.

The morphological and ultrasimetural characteristics of the parasites were similar to those previously

described for P. otsetii. A total of 240 Pacific oysters fCrasxvsfrea eigasj were also examined from four

commercial farms in neighbouring coastal waters but no Perkinsus infections were detected.

Key Wokds- Apicomnlcxa, Perkinsus abalone, Halioih. morpholoyv.

Introduction

Two abalone species are fished commercially

from South Australian coastal walers; blacklip

abalone, Ila/io/is rubra Leach, and greentip

abalone, H. laevigata Donovan. Since 1972, licensed

divers have reported the occurrence of yellowish

pustules in the flesh of H. rubra collected near

Neptune Island in Spencer Gulf. The pustules

render the flesh of the abalone unacceptable for

processing and marketing. Microscopic examination

revested the pustules to be caused by a protozoan
parasite, Perkinsus o/sem lister & Davis, 1981. Only
two other Perkinsus spp. have been described; R
marinus from the American oyster Crassostreu

vjrginicu (Maekin et ul. 1950; Perkins l%a ) and P.

aikwlkus from the clam Rutlifupes decussatus

(Azevedo 1989). In recent years, local divers have

become increasingly concerned with dwindling

stocks of H. laevigata along the western shore of

Cuff St Vincent. Perkinsus infections were detected

in H laevigata collected from reefs south of

Edithburgh (Lester 1986). The present invest igat ion

was cat ncd out to determine the geographic extent

of Periiinsus infections in grcenlip and blacklip

abalone from South Australian coastal waters, and
whether !*erkirtsus infections occur in commercially-

farmed Pacific oysters (Crassosirea gigasj from
neighbouring waters.

Materials and MtthwJs

Nine sampling sites were selected from the three

abalone fishery management /ones of S.A. (Fig. 1.

Table 1). Licensed divers collected apptox. 30
abalone at random from each site between April

and October 1986. A Fisheries Officer also collected

approx. 60 oysters from each of tour commercial
oyster farms. The abalone and oysters were fixed

by immersion in Davidson's fluid immediately after

collection and the species, sex and shell fetich were

WMirn ^ans

• Ati*Inn*

c? Oysters

* Central Veterinary Laboratories. !>cpt Agriculture,
Home Road, Adelaide, 5, Aiist. 5000.

1 Ocpt fisheries, 135 Pirie Street. Adchide, $ Ausi. 5000-

hg. f Locations of sampling sue? m South Australian
coastal waters from whit-h abalone and oysters were
collected-
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recorded in the laboratory following shell removal.

The adductor muscles and mantle were examined

for macroscopic lesions on all superficial aspects

and internally through a series of longitudinal

incisions I cm apan. Suspicious lesions were excised

together with surrounding tissue. Small blocks of

mantle, adductor muscle and gonad tissue were also

sampled from each abalone and oyster. Tissues were

embedded in paraffin wax, sectioned at 5 fut\

thickness, stained with haematoxylin and eosin and

examined by lighl microscopy at 100-400 %
magnification. Tissue blocks found to contain

parasites were then processed for electron

microscopy by de-paraffini^alion in xylol

containing 2% osmium lerroxide, clearing in

propylene oxide and embedding in epoxy resin

(TAAB Laboratories). L'lrra-thin sections were cut

at 75 nm thickness, stained with G'A uranyl acetate

and 0.57r lead citrate and examined in a

transmission electron microscope (JEM KM) CX,
.IEOL, Tokyo). Voucher specimens of fixed tissues

containing parasites were deposited with the South

Australian Museum, Adelaide (SAM E2I80 1).

Results

A total of 125 ffulioth laevigata and 109 H. rubra

were collected from the nine sampling sites.

Perkinsus infections were detected in ten H.

laevigata (6 Cf o\ 4 9 9 ) collected from Troubridge

Shoal in Gulf St Vincent and in nine H. rubra (6

O* O", 3 9 9) from Thorny Passage in Spencer Gulf

(Table 1). Infections were not restricted to any

particular size (hence age) group o[ abalone.

Infected //. laevigata ranged in size from 8.5-16.0

cm in shell length and infected H. rubra from

10.0-16.5 cm. No parasitic infections were detected

in any of the 240 Pacific oysters examined.

Infections in abalone were characterized by
macroscopic hemispherical blister-like nodules on
the superficial aspects of the adductor muscles and
mantle (Fig. 2), The nodules were soft and slightly

darker in appearance than the surrounding tissue.

Larger nodules were found to contain creamy
viscous fluid when incised. Ovoid nodules were

occasionally detected deeper within the tissues when
sectioned (Fig. 3). Infection levels ranged from 1-14

TABLE 1. Prevalence of Perkinsus infections in abalone arid oytfers from South Australia.

Hafiotis fuevigata H rubra Crvssostrea grgas

Location Depth
(m)

(greenlip

No.

abalone)

No.

(blacklip abalone) (Pacific oyster)

No. No. No. No.
examined infected examined infected examined infected

Baard Bav 10 21 23 _ _

(J3-*(K'-5i I34'"I6 E)

I hornv Passage 5 2 16 9 - -

LH-5H'S ( 136^04'L)
HartJwicke Bay 6 16 - - - -

O4 D 50'S, 137 D22E)
foul Buy 20 8 2 - -

(35 '13'S, i37"I5'E)
5Iroubridge Shoal 30 10 - - - -

<35H)8'S, W-56'F)
Emu Ben 15 2H 1

(35'33'S. 137 34 E)

Cape Gamheaume 14 - 28 - -

Q%aQl% l37 r 30'E)
West Island 10 20 15 - -

(35
1 37'S, 138"35'E)

Rmgwood Reef 6 - 24 — -
(37'38 'S, I40 c

'07'lf)

K offin Bay 1 - - - - •>1

(34*30'S, 135 T8'C)
Bird Island )

- - - 52

(33 * 59 'S, 137*33
r

E)

Port Price 1
- - — — 66

(34 15 S, 138'04'E)
Oyatcf Bay I

- -
*!

(J

(34*52 'S, 137°48'E)

Total 125 10

(8.0%)

109 9
(8.3%)

240
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tigs 2-5. 2. Nodules on surface ot adducioi muscle ot Haltotts rubra. Scale bar - 5 mm. 3. Necrotic lesion in adductor
muscle of H. rubra. Scale bar - 5 mm. 4. Histological section through nodule in adductor muscle of hi. laevigata.

H&E. Scale bar 0.5 mm, 5. Trophozoites (T) and schizonts (S) of Perkinsus within lesion in adductor muscle
of H. laevigata. H&E. Scale bar - 50 ^m.

nodules per abalone and the nodules ranged in size

from 0.5-8.0 mm in diameter. Those detected in H.

laevigata and H. rubra were similar in location, size,

shape and appearance. They were not encapsulated

bul bound by normal tissues which sometimes

contained mild infiltrations of mononuclear
inflammatory cells (amoebocytes). The nodules

were necrotic and contained variable numbers of

amoebocytes together with other host cells. The
majority of cells appeared degenerative containing

pyknotic nuclei. Connective tissue fibres and
occasionally the remnants of muscle fibres were

found throughout ihe lesions forming a loose

supporting network, All lesions contained

numerous clusters of extracellular basophilic bodies

which were identified as various developmental

stages of a protozoan parasite (Figs 4, 5), The
majority of parasite stages were vacuolated in

appearance but some were homogeneous and

stained uniformly throughout. Most stages

appeared degenerative and morphological integrity

was not well preserved within lesions, Nonetheless,

two types of parasite developmental stages were

evident by light and electron microscopy; unicellular

and multicellular forms (Fig. 6).

Unicellular stages (termed trophozoites) were
found scattered throughout the lesions as individual

cells sometimes grouped together in small clusters.

They were ovoid in shape measuring from 10.0-17.5

/an in diameter (mean 15.0 /an) and were bounded
by a dense wall varying in thickness from 1.5-2.5

ftm (Fig. 7). The trophozoites contained a single

nucleus with a prominent nucleolus and a highly

vacuolated cytoplasm usually containing a large

central vacuole measuring from 5-10 /<m in

diameter. A small dense vacuoplast consisting of
eosinophilic granular material was occasionally

detected within the central vacuole,

Multicellular stages (termed schizonts) were

detected throughout the lesions in distinct clusters

(Fig. 8). They were larger in size than the

trophozoites measuring from 12.5-35.0 fim in
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diameter (mean 27.5 ^m). They were surrounded

by a dense wall (2.0-3.5 fim thick) with an irregular

outer margin. The schizonts contained 2-24

rounded cells (termed merozoites) ranging from
5-10 /irn in diameter. Each merozoite contained a

highly vacuolated cytoplasm and a single nucleus

with a prominent nucleolus. Large central vacuoles

were not detected in the merozoites nor were

vacuoplasts. The majority of schizonts appeared

degenerate particularly towards the centre of the

lesion.

Discussion

Identical lesions and parasites detected in H,

laevigata and //. rubra suggests that both abalone

species were infected by the same parasite species.

This species is similar to P. olseni previously

reported in blacklip abalone (Lester & Davis 1981).

All three parasite developmental stages

(trophozoites, schizonts and merozoites) were

similar in structure to those previously described

although some schizonts appeared larger (mean

3RJf ..:$

Figs 6-8. 6. Electron micrograph of trophozoite (T) and schizonts (S) of Perkinsus in adductor muscle of Haliotis
laevigata. Scale bar = 5 fim. 7. Electron micrograph of Perkinsus irophozoite bounded by thick wall. Scale bar
= 5/tm. 8. Electron micrograph of Perkinsus schizoni bounded by thick wall (W) and containing several merozoites
(M). Scale bar = 5 ^m.
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diameter nl 27.5 ^m compared to 15.0 <<m> -and

more marure containing greater numbers of

nicT02Oltes. However, developing or immature
prczuospontrtgia were not detected and lesions were

not surrounded by :i loose wall of connective tissue.

Despite these dilierences, the morphological and
uhrastrucrural characteristics of the parasites were
considered lo be consistent with those of P. o/seti

I ester & Davis, |%1
Similar developmental stages have been described

previously for I wo niher P&rkinSHS spp. Parasites

lound in the American oyster C*. vtrxintca weie

originally described as Derrnotyxtidium marinum
by Mack in m al. (1950) and later as Labxrhnhomyxa

matina by Mack in & Ray f]96n), Levinc (1978)

subsequently renamed the species Pcrktnsns

rmtrinus and erected the class Perkinsasida in the

phylum ApicomplcAi* on the basis oi the electron

microscopic .studies of Perkins < 1976 K This species

differs front P oteeni in having much smaller

trophozoites (3-10 jun in diameter), membranous
rallicr than thickened walls and basophilic rather

than eosinophilic vacuoplasis. More recently, thick-

walled fVrjt/ww.vlike trophozoites were found in tnc

gilt filaments of the clam H. dtiCussahts in Port ucj!

by Comps A: Chagui 0987) and Chagor rt at (I9H7).

These parasites were cultured in thioglyeolate

medium to form mature sporangia containing

billa^cllated 7oospnies by Amedo (1989) and were

named R atfanncus on the basis of ho-t identity,

pathology and /oospore nil restructure. The
dimensions, shape and flagellar organization of the

zoospores wen.* more regular than those of R
ttutnnus but comparisons with P, o($etn could not

be made because then zoospore uhrastructurehas"

not yer been delermmed. Several other undescribed

Perktnsits x\rp. have been reported in 57 species of

molluscs Itnm North America, ihe Mediterranean

and Australia (Andrews 1954; Kay 1*54'; da Ko/

& Canzonicr 1985; Gojcvin & Lester 1987) but

comparisons could nor be made because Ibe unly

developmental stages reported were large ovoid cells

presumed to be prezoosporanem.
Early cross transmission studies suggested thai

fyrkinsus spp. may be specific for pauieular groups

of molluscs; R marinus for Oysters <lameillbranchs)

and P. olserti tor abalone tgasimpodsMRay 1954 *

Leuet &. Davts IVSM. However, recent studies have

not supported any riejd host specificity for these

parasites. P atscm isolated Uom H. htevivafa w:as

successfully transmitted to two lamellibranch

species (Pmctadu §U$itlfft& and A nadara trapezia)

and Perkinsus spp, isolated from five lamcllihranehs

fA nadara trapezia, Chama {HJCifkvs. Tndama
gi&as, T vrocea and 7 maxima) were Successfully

transmitted to H, bWtg&lti (Goggin vtxf. 1989k P.

tnut'ina* has also been iran&miUed from the oyster

C tirvunrai Id the pymmidellid gastropod Boonea
i/rtpressa (White el al. 1987). These results suggest

that Perk'insus in feel ions may be transmitted

between diffcient mollusc species inhabiting the
same waters No infections were detected in oysters

sampled from neighbouring areas in this study but

other mollusc species remain lo be examined.
Inlcvled H. rubra and //. laevigata were detected

al two different sites located 140 km apart in

adjacent Spencer Gulf and Gulf St Vmceni
Infections have previously been found in abalone
from the same general areas {] ester & Davis 1981:

Lester lySrS). The reasons for I his patchy
distribution of infections are not known. The two
Mtes are separated by Yorke Peninsula hut both are
situated near the mouths of tlte Gulfs where die
same ocean current passes in an easterly direction.

However, no infections were detected in abalone
sampled Iroro tuiei mediate sites nor from siles

located further away in the same eutrenl How, There
arc also no records of abalone slocks being moved
between the two >ite&. ol* infection. These sites must
be regarded as potential point sources of infection

and local mollusc populations should be monitored
regularly for the spread of infections.

Significant mortalities of H. laevigata were first

reported alone the western coast of Gulf Si Vineem
in I9S0 and further deaths were reported each
summer from 1982 1985 (Lewis ef u7. I9S7).

Abalone had been abundant in this area as far norlh
as Black Point but stocks have now practically

disappeared (K.L. Branden pers. cotnm.). Claims
made h> divers that mortalities were due to
pollution were not substantiated by laboratory
investigations fnr heavy metals, oruanochlonnes,
oiganopbusphares and hydrocarbon* (Shepherd
1965). Subsequent studies revealed ihar many
abalone in this area were Infected with P otsertt

Ulster 1986) but it is not known whether infections

caused the mortalities The parasite is certainly

pathogenic and causes necrotic lesions within host
Tissues. Mortalities have been ubscived in

experimentally infecied //. rubra maintained in the
laboratory al 20-C wliereas those maintained al

I5°C recovered from infection (Lester 1986). J'fce

continued detection of flwkinsus infections in

abalone from dicback areas highlights ihe need fot

further studies on parasite pathogenicity,
transmission and conlrnl,

'Ray. \ M. <1*54) Uiological studies Of Dtrmocysttiintm
murinum, a fungus pamsite of oysters. Rice InMiluie
f'-Milphk-l, S,-in-t.±! fxMic 1'npiibl,
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DESCRIPTION OF THE MALE OF TYLENCHORHYNCHUS TOBARI
SAUER & ANNELLS, 1981 AND OBSERVATIONS ON THE

MORPHOLOGY AND HOST RANGE OF THE FEMALE IN ARID SOUTH
AUSTRALIA

BY J. M. NOBBS*

Summary

In a survey of the arid region of South Australia, over 300 sites were found to have

Tyienchorhynchus tobari Sauer & Annells, 1981. Previously undescribed males of T. tobari were

identified from only nine sites and are described here. From field observations, plant species of the

family Chenopodiaceae were most likely to have T. tobari present. This was tested by culturing the

nematode on different host plants in the glass-house. It was found that environment affected the

morphometries of different field populations of T tobari but not general morphology.

KEY WORDS: Tyienchorhynchus tobari, arid South Australia, males, host plant, Nematoda



thttp8tfi<m vfth*> Hnvut Siniety a/S Aust (mi), 115(2), S3 XH.

DESCRIPTION OF THE MALE OF TYLENCHORHVSCHUS IOBARI SAUER &
ANNELLS, 1081 AND OBSERVATIONS ON THE MORPHOLOGY AND HOST RANGE

OF THE FEMALE IN ARID SOUTH AUSTRALIA

by J. M. Nqbhs*

Summary

Nouns, J. M. iWI) Description pf the male ol' 7\ienchorhyrtchus tobari Sauer & Auncllv 1981 Sfflrf

enervations of the morphology and host range- of the female in arid South Australia. Trans. /?. Soc &
4us/. 115(2), HJ-HH, V May, WW,

In a survey of the arid region of South Australia, over 300 site:, were found to have 'iytcticiu)rhym'ha.\

.'t.<btjri Saner $ Annc-lk, l'>8l. Previously uride.scribed males ol" /. tuhart were ulcnn lied Ironi only nine

snes and arc described here. Prom field observations., plant species nt' the family ( ncnnpodiaccac vme
mosl likely jb have T tobari pjeseut, This was tested by cultiuing ibe nematode on different host plants-

in the glass-house. It was (bund that environment alTected the morphometries of different field populations

of T. tohart bin noi general morphology.

Ka-v Wukov Jyjenchorhynchus iobari
t arid South Australia, niale^ hosi plunt, Nem3toda

Introduction

The and region ol South Australia consists ol

diverse vegetation and landforms. There is little

information on the occurrence and diversity of the

pUni parasitic nematode fauna within this region.

Di.irine a survey ol* the area (Nobbs 1989), one of

ihe most widely distributed plan! parasitic

nematodes' was lytcnchorhynchus Iobari Sauer &
Annette, 1981, The wide distribution ot ilic

nematode over a range of environments offered the

oppon unity to examine the effect of environmental

variation on the nematode. This paper examines the

effects of environment on female morphometries
and possible hosts among the diverse plant species

sampled. Males are described for the first time.

Methods

Extraction of nematodes
Soil was collected from undisturbed native,

vegetation which occurred close to (he main tracks

that tun throughout the arid region, Over 300 sites

were sampled i\n<\ the sampled plant species noted.

The nematodes were extracted from 50 ml of each

soil sample usulg a modified Baeunann funnel

<Schindier 1961).

Morphology and measurements o/Tylcnchorhyn-
chus iobari

To examine the effect of different environments

on variation in morphometries, ten sites wetc

selected from different areas. From each sitc\ ten

females were processed through an alcohol scries

and mounted in glycerol by the wax method

CABf Institute of ParasiiuIoEv »5A Hatfield Rd. Si

Albans. England, AU OXXX

(Hooper 19S6). Measurements tin mm) of body
length, body width, oesophageal length, position

of the vulva, tail length, tail width and .stylet length

were then made under high magnification and the

dc Man ratios (a. b, c and c'> were calculated.

Analysis ol" variance (ANOVA) was used to

determine if there were significant dilferences in

measurements between Hie ten different

populations.

Occurrence in the field and in pots

To dclcrmine the most likely host plant of T.

tahari the number of sites on which a particular

plant species occurred was sampled and compared
with the actual (or observed) number of sites where

that particular plant was sampled and found to have

T. tobari present. The number of sites where a

particular host plant was sampled was used as a
percentage oi the total sites sampled (expected sites).

Using Chi-squarc analysis (Bailey 1976) (he

observed number of sites was then compared with

the expected number of sites to determine most
likely host .specie*- Due to Ihe diversity of the

vegetation sites, grouping of the host species was
necessary (e.g. Chcnopods = plant species of the

family Chenopodiaceae).

This information allowed investigation of
possible hosts of 7" iobari, Seeds of native and
introduced species including A triplex spongiosa, A.
Iindteyir Chenopodium quinoa, Lycoperslcum
esculentum and Hoaleum vulgore (cv Clipper) were

surface sterilised (J mio. in \% bleach),

pregermiuated in a Petri-dish, planted into a 1:4

pans soil to sand mix and inoculated with 50 female
T. tohari. After two and a half months, the shoots
were, removed and the roots and soil washed through

a set of sieves (500 utiU 250 /nn and 4(1 am aperture).
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The sediment on the 250 jftrn and 40 #xn sieves was
collected and placed in a modified Bacrman's

funnel for three days. The nematode extract was
then counted for T. tobari. There were three

replicates from each plant species.

Morphometries of wale and female
lyienehorhynchus tobari in the and region of Sourh

Australia

Males of T. tohurt were identified from nine

different sites within the arid region of South
Australia (Fig. J) and mean values - standard

deviations of morphometry measurements for all

sites (n-20 specimens) are presented below. In

addition, the same data for a single site (n = 9) near

Kinjioonya (grid reference 299 ISO, map
KINCiOONYA *SH53 I! (1 : 250,000) edition 1,

seiies R502, Royal Australian Survey Corps) are

provided, The original measurements of Saucr &
Annells (1981) for lemales as well as ihe grand
means of the 10 sites selected are also presented.

Female?; oricinal description tSauer & Annelid RJB1
(n 19): Bociv length 690 pro (610 770), a = U iM)

-3«Kh = 5.0 {4.5- 6.2); e - 12(11- 14); c' - 3.8(3.1

*•

v

-
• ". i,

1

•
'

..:'•
I

jL

sj
Hg I. The Uistrihuiion ot fyferichijrfnvchtts lohari Saner

Si Armells, P'M vvitlnn the and region of South
Auslrnlin. Closed orclevare she* from which /. robuti
was* identiticd; ty$(\ vireles are sire 1

; at which mulo were
kliwilied Sites I 10 were Mies tmm which ten female
wi-ii- measured.

-4.4);V - 54(51 - 54); stylet - 17 - I9^m. Survey WK3
1985 (n • 100) : Body feogt'fc « 72) ; 62 tm (W -

VOO}; a - 30J ± 3.1 (25.4 - 42.5): b 5,2 t 0.5 t4.0
- 7.6); b 14.0 ± 3.0 lW.fi - 25.1); c - 3,0 - 0.S (1.7

4.3); V -54.4 s 2.1 (4S> - 59); siylet * tfj , XAm
(14 - 21).

Mates (Fig. -2)01-20): Rodv length - 672 i I8,<m<586
752); a = 30.9 + LSffiS 3K.7): b 5.2 i 0.2(4.0
5.6); c 10.8 + 0.6 (K.5 I3.2>;c' - 3.K . 0.2(24
4.7); spicule lei^'ili - 25.5 i 1.3 ,im fP<| - HJJ;

t'ubentaculum 11.3 _ 2.l/an(S' \i)\ >iy|ft[ BrtigtJl -
16.7 - 0.7 /im (14 - 20).

She near Kirtgooiwa(n - 9) : Bodv lenath 676 + 26
im\ (619 - 727); a = j$£ + 0.4 (25. K - 32 \)\ b - \2

. 0.2 (4.3 - 5.S); c 1F7 - 0.4(10.4 13.2); c 3.7 -
0.2(2.') -4.3), spicule length 25.1 + 1.1 /im (22 2K).

gubernqculum 11.2 | 1.3 pm t.S - 17); sivlel leneib -
17.0 t 0.7

f
i\n (14 - IN).

Description of the mule

(Fig. 2) Similar to female in anterior region. Lip

region offset, 6-8 annules, stylet of medium
development, With backward ly sloping stylet knobs,

lesns single, not re flexed. Tail en\cloped by a targe,

simple, crenate bursa. Spicules disrally flanged,

terminus narrow, uubernaeulum well developed,

generally rod-like, protruding Phasmid easily seen,

fust anterior to mid-point of tail.

Occurrence in the field and in pots
Chi-squarc analysis showed that T. tobari was

lound in significantly more silos than expected only

where plant species of the family Chenopodiaceae
were the most common species (Table I). Therefore,

the most likely preferred host plain is £ member of
the family Chenopodiaceae. With the pot tests there

Was some multiplication of L tohurt with all ihe

live plant species lesied, but Anrriplex $pOftglo$Q

had the greatest multiplication rate (Table 2).

1 nalysis of populaiinns
Although only a small number o( females per

population were measured, significant differences

in morphometries were observed. Of the characters

measured only position of the vulva (V), de Man
lalio'sa. b, and c' were not significantly different

between populations (Tabic 3). Body length, body
width, tail length, tail width, oesophageal length,

sly let length nnd dtt Man c ratio were all

significantly dtfferenr between naturally occulting

populations.

In one populaiion (4), almos! all of the observed

vaJues were greater (han (he standard deviation of

the grand mean, Few of ihe oihet populalionN had
any or more than one value beyond ihe range of

plus or minus the standard deviation. There were

no obvious differences in general morphology
between specimens collected from the ten sites, so
ihe differences in measurements between the

populations -are most, likely due lo environmental

etlects such as rccenl rainfall, host species present

and soil lype ralher than spe»:ies differences.
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\y

B

A,CD 25

B 25

Fig. 2. Morphology of the male of Tylenchorhynchus tohari Sauer & Annells, 1981. A = oesophageal region; B
= head region; C - shape of tail (internal); D - shape of tail (external). Scale in microns </im).
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TABLE 1. The host plant/groups and number of sites where Tylenchorhynchus tobari Sauer & Annells, 1981 was
collected.

Species/groups Number of Sites

Observed Fxpected
Chi-square % Total Sites

value Sampled in

Survev 1983-85

Chenopods 140 108.5 9.14 £j 33.5

Ephemerals 14 14.6 0.02 4.5

Eucalyptus spp. 27 36.6 2.52 11.3

Acacia spp. 71 76. S 0.44 23.7

Grasses 9 15.6 2.79 4.8

Shrubs: (Eremophita, Dodonea, Cassia sp. > 16 25.6 3.60 7.9

Trees: (Myoporum, Pittosporum , Caititris sp.) 24 18.8 1.44 5.8

Salicornia spp. 8 7.8 0.01 2.4

Reeds 2.9 2.90 0.9

Zygocloea paradoxa 15 16.8 0.19 5.2

Total 324 324.0 23.05
**

100.0

** = significantly different, df - 9, P - 0.01. Chi-square analysis.

#% = significantly different, df - 1, P - 0.01, Chi-square analysis.

The null hypothesis that there is no difference between the expected numbers of sites from which certain plan!

species/groups were sampled and the presence of Tylenchorhynchus tobari in the soil sample is rejected.

The % total sites indicate the number of samples from which soil was sampled in the period 1983 to 1985 and were
used to calculate expected number of sites with T. tobari.

TABLE 2. Final number and multiplication rate q/Tylenchorhynchus tobari/nom an initial inoculation offiftyfemales
and sampled after two and a half months, (mean ± standard deviation).

Plant species Mean number Multiplication rate

A triplex lindleyi 212.7

+ 55.9

4.2

U2

A. spongiosa 1238.3

+ 224.6
24.8

i 4.50

Hordeum vutgare

{van Clipper)

56.0

+JZ4
1.1

0.35

lycopersicum
esculentum

209.7

±297
4.2

0.96

Chenopodium quinoa 499.0
+ 64.7

1 0.0

1.29
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TABLE 3. Measurements of ditf'e/vni populations of TytenvhorUyn^UM

Population Body
length

Body
width

Tail

length

Tail

width
Length of Length
oesophagus slylct

e ratio

2

3

4

5

7 &

8 ff

9

10

Grand Mean
* S.D.

F-value

699.3 23.6 52.2 17.6 130.0 17.0 13.9

699.5 23.6 56.1 17.6 135.7 17,2 12.7

716.9 23.3 49.4 16.9 145.2 16.8 14.8

725.6 23.4 47.4- 17.3 146.2" IK "7
'

15.4

701.0 24.0 55.5 1H.8

"

133.9 18.0 13.5

724.2 24.1 54.5 18.6 137.0 16.2" 13.7

734.0 23,8 58.2" 18.3 133.3 17.4 12.7

701.6 23.8 56.8 18.7 130.6 16.2 12.6

793.9

'

27,2
'

49.6 18,3 152.1- 18.3 • 16.6'

713.4 22.8 49.9 16.8" 140.7 17.6 14.3

720.7

61.8

23,9

2.4

52,9

S.4

17.8

J.8

13S.5

118
17J
1.4

14.0

3

2.40 2.79 2.28 2.06
**

3.57
**

4.41 2.12
**

SigtliRcatll at P = 0.01ft. level indicated by **; .significant at P - 0.001% level indicated by ***J d.L = 9, 86.

Grand mean is calculated from all 1(H) nematodes measured and includes the standard deviation fS.D.) in italics,

% = populations where males were identified.

indicates value less than lowest value of the standard deviation of the grand mean. ' indicates value greater than
highest value of the standard deviation of the grand mean.
Measurements are in microns {pm).

Discussion

Males of Tylenchorhynchus tobari were found in

only a small number of sites and in low numbers
indicating that IV tohari may reproduce
parthcnogcnetically. Populations of T, tohari from
different natural habitats differ significantly in

certain morphometric characters, However, the

description of a new species is not necessary as the

populations are still identifiable morphologically

as T. tobari. Many workers (Davide 1980; Fortune!

1984a; Fortuner & Queneherve 1980; Kline 1976;

Roggen A Asselberg 1971; Townsend & Blakilh

1975; Saha A Khan 1988; Singh et aL 1985) have

looked al the influence of host on morphometries
of different species oS nematode. They found that

many characters were highly variable between

populations and that ratios were of little overall

value (except V) in determining species. Hot tuner

(1984b) suggested lhai observations of several

populations were important in estimating the mean
and range of measurements. When identifying

species, morphology should always be used with

priority over morphometries as differences in

measurements can often be aUributed to

environmental effecrs.

T. tobari is a migratory ectoparasite and so has

a wide host range. In the field the most common
plants sampled with T. tobari present were of the

famtly Chenopodiaceac. In pot cultures Atrip/ex

spongiosa allowed the greatest multiplication. In

using a host plant that allows rapid multiplication

of T. tobari, the host/parasite relationship can be

investigated.
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THE MANGALO METEORITE, A NEW (L6) OLIVINE-HYPERSTHENE
CHONDRITE FROM SOUTH AUSTRALIA

byMargaret Wallace & Allan Pring*

Summary

The Mangalo meteorite is a single stone, which originally weighed 1050 g, and was found near

Mangalo (33°34 f

S 136 39
f

E) South Australia in 1987. It has been classified as an L6 chondrite,

shock facies *e\ and contains olivine (Fa25.2-26.4) orthopyroxene (FS21.4-22.8) clinopyroxene

(Wo44.7en46.8fs8.5), apatite, nickel-iron, troilite and maskelynite. Mineral textures and compositions

indicate that Mangalo was a metamorphosed part of the L-planetoid and was heavily shocked before

reaching Earth.

KEY WORDS: Mangalo, chondrite, meteorite
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THE MANGALO METEORITE, A NEW (L6) OLIVINE-HYPERSTHENE CHONDRITE
FROM SOUTH AUSTRALIA

by Margaret Wallace & Allan Pring*

Summary

Wallace, M. & Pring, A. (1991) The Mangalo Meteorite, a new (L6) olivine-hypersthene ehondrite from

South Australia. Trans. R. Soc. S. Aust. 115(2), 89-93, 31 May, 1991.

The Mangalo meteorite is a single stone, which originally weighed 1050 g, and was found near Mangalo

(33°34'S, 136°39'E), South Australia in 1987. It has been classified as an L6 ehondrite, shock facies 'e\

and contains olivine (Fa25.2-26.4h orthopyroxene (Fs2 |.4-22.8)» clinopyroxene (V^^En^.gFs^), apatite,

nickel-iron, troilite and maskelynite. Mineral textures and compositions indicate that Mangalo was a

metamorphosed part of the L-planetoid and was heavily shocked before reaching Earth.

Key Words: Mangalo, ehondrite, meteorite

Introduction

The Mangalo meteorite was found by Mr Neil

Smith while ploughing on his property at Mangalo

near Cowell on the Eyre Peninsula, South Australia

(33°34'S, 136°39'E) in June 1987. Mr Smith

brought the stone to the attention of two geologists

from the South Australian Department of Mines

and Energy, who in turn sent it to AMDEL in

Adelaide where it was positively identified as a

chondritic meteorite. After identification Mr Smith

brought the meteorite to the South Australian

Museum for detailed examination. No additional

material has yet been recovered. In accordance with

the guidelines on meteorite nomenclature, the

meteorite has been named Mangalo, after the

geographical locality closest to its site of discovery.

Mangalo is the forty-fifth meteorite to be found

in South Australia and the ninth to be recovered

from Eyre Peninsula (see Fig. 1). It does not appear

to be related to any of the Eyre Peninsula meteorites

(Corbett 1968; Fitzgerald 1979'). Mangalo was

found quite close to the site where the Cowell

meteorite was found in 1932. The Cowell meteorite

is now considered to be part of the Kyancutta fall

(Graham et at 1985). It is however an iron and not

a stony meteorite (Spencer 1933; Buchwald 1975).

South Australia, like Western Australia and the

south-west of the United States is a particularly

good area for finding meteorites due to its arid

conditions and the great age of the land surface

(Bevan & Binns 1986, 1989).

Dept of Mineralogy, South Australian Museum, North

Terrace, Adelaide, S. Aust., 5000.

FITZGERALD, M. J. (1979) The Chemistry and
Mineralogy of the Meteorites of South Australia and
Adjacent Regions. Ph.D. thesis, University of Adelaide.

Unpubl.

The Mangalo meteorite and the Streaky Bay

meteorite (Wallace & Pring 1991) are the first new
meteorites to be recovered since legislation was

enacted in 1980 to protect meteorites found in South

Australia. This legislation, in the form of an

amendment to the Museum Act, made all

meteorites found in South Australia the property

of the Museum. Provisions were included in the Act

for rewarding the finders of meteorites. In the case

of the Mangalo meteorite, the finder, Mr Smith has

been presented with a polished piece of the

meteorite and a bronze medallion commemorating
the meteorite's discovery.

Physical Description

The meteorite is a five sided sub-rounded stone

(11 x 8 x 8 cm) weighing 1050 grams (Fig. 2). The
stone is covered in all but one corner with a 1 to

Kaldoonera Hill m Yardea , Buckleboo

t. f , u • K yam. una
Streaky Bay Cocunda

Kappaknola

Fig. 1. Map of Eyre Peninsula showing the location of

Mangalo and the sites of other meteorite finds on the

Peninsula.
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Fig. 2. View of polished slab of the Mangalo meteorite

2 mm deep well-preserved shiny brownish-black
fusion crust, portions of which are gritty with sand
grains which may have become attached during
weathering. The external appearance of the stone
is typical of a ehondrilic meteorite which has been
exposed to the weather for a number of years. The
interior of the meteorite is dark green-grey in colour
and fine to medium grained. Chondrites (quenched
spherical groups of olivine, orthopyroxene and
glass) are readily visible especially on polished
surfaces. Metals, both kamacite and taenitc, occur
as finely disseminated grains and siringers, many
of which rim chondrites. Silicate minerals arc

stained brown, probably by terrestrial weathering,
and the sample contains several iron oxide filled

fractures. The meteorite has been cut and two of
the internal surfaces polished. Two polished thin-

sections have been made. These were used both in

the petrographic examination and in electron

microprobe analyses.

Mineralogy

Compositions of the silicate phases were analyzed
with a JEOL electron microprobe at the University
of Adelaide. Analyses were made using an
accelerating voltage of 15 kV, a sample current of
5 nA, and a beam width of 5 fin\. Representative
crystal analyses are presented in Table I.

The meteorite is composed predominantly of
olivine and orthopyroxene with minor amounts of
clinopyroxene and maskelynile. Microprobe
analyses show that the olivine in Mangalo is

equilibrated with a mean fayalite content of Fa,,
7

(10 analyses, range 25,2 to 26.4). The orthopyroxene
shows a small variation in chemical composition
with a mean ferrosilile content of F*

22i)
(10

analyses, range 21.4 to 22.8) and wollastonite

content which varies from 1.2 to 1.7 mol% (average
= 1.3). The orthopyroxene has a particularly high
calcium content which suggests that it equilibrated

at high temperatures. Clinopyroxene, which is only
abundant and coarse enough for reliable analyses

in type 6 chondrites, is homogeneous with an
average composition of Wo

)4 7
I£n

46 8
Fs

H y
Plagioclasc crystals normally found in equilibrated

chondrites are not present in Mangalo; I hey have
been transformed to the shock produced glass,

maskelynife. Accessory minerals include troilite,

iron-nickel metal and chlorapatite.

Chemical Group

Mangalo is an ordinary chondrile, an
agglomerate meteorite. This type of meteorite is

considered to be composilionally similar to the bulk
solar system, less the volatile hydrogen and helium
components (Keil 1969). The ordinary chondritic
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TABLE 1. Representative electron microprobe analyses fwt, %) of selected minerals in the Mangalo meteorite

Olivine Orthopvroxene Clinopyroxcne Maskelvnite Chlorapatite

6 .6 3 6

P205 _ _ _ — 39.71

SK72 37.13 54.75 53.78 66.79 -

Ti02 - - 0.32 - -

A1203 - 0.16 0.63 21.03 —
Cr203 - - 0.87 —
FcO 23.22 14.27 5.30 0.69 2.02

MnO 0.40 0.42 - - -

MgO 38.26 28.66 16.26 - -

CaO _ 0.69 21.60 2.06 50.72

Na20 — — 0.65 5.49 0.28

K20 _ _ - i.ll —

CI - - - - 6.94

Total 99.00 98.94 99.43 97.18 99.68

P - - - - 0.95S

Si 0,9827 1.980! 1.9838 — -:

Ti — - 0.0090 - —

Al - 0.0066 0.0276 - -

Ct - - 0.0254 - -

Fe 0.5140 0.4328 0.1636 — 0.0482

Mn 0.0090 0.0130 — - -

Mg 1.5091 1.5498 0.8941 — —

Ca — 0.0270 0.8538 - 1.5488

Na - - 0.0467 0.0157

K — _ — —

a - - - - 0.3350

Total 3.0149 4.0092 4.0041 - 2.9058

Ee# 25.4 21.8 15.5 - —

Ca=U Ca=44.7 Ca=15.5 _
- Mg=77.l Mg=46.8 Na=74.6 —
- Fe=21.5 Fe=8.6 K=9.9 —

meteorites are divided on the basis of the iron

content of olivine and orthopvroxene into three

chemical groups (H, L, and LL). All the meteorites

in any group arc believed to have come from the

same planetoid from within the asteroid belt (Keil

& Fredriksson 1964). The iron content of the olivine

and orthopvroxene in Mangalo indicate that it

belonged to the L-group of ordinary chondrites (see

Fig. 3).

Petrologic Type

Ordinary chondrites of the same chemical group

differ widely in texture and physical history. After

the accretion of the planetoid, its components were

heated and metamorphosed: ehondrules
recrysialli/.ed, silicate minerals became homogenous
and show a narrower variation in composition, and

25

20

15

- Kyre Peninsula . . ,.

Slony Meteorites

L '--I "I1D

Mimgaiu 1,1.6)
-**" ' ** 5awikv Buy U-il

•

.

Cot^mtQa t<
ft')

H <!itiu|i

KuWiMnen H.IHH6)
% ^ $Sff jtwla IHh)

^_^— * Kie-lpa fH5j

"BuL-klcbooiHc:

i 1 .i. 1 i

20
Pi: nu>i% tn Of vinr (T.t

25
KlI'L-lll!

30

Fig. 3. Iron contents, expressed as tnoWo Fe in olivine (Fa)

and orthopvroxene (Fs) of Eyre Peninsula slony

meteorites. Classification groups are from Kcil &
Tredriksson (1964). Data arc from Mason (1974); and
Wallace & Priue (1991).
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rtj, >\. Thtivscetion mieroplioiograph Of Mungalo
meteorite showing 3 radial pyroxene chondiule (R> and
rt porphyritic olivine chrondrule (Pi in a rcvrysiythml
iiiHlnv

plagioclase Icldspar crystallized out of the elnssv

areas. The Mangalo incicoriic is a highly

equilibrated chondrire and belongs 10 peirologie

type 6 of a six increment scale of the Van Schrniis

A Wood (I967j classification. In thin-section, the

ehondrutes are easily recognizable, up to 6 mm in

diameter, but are weli-reerystallizcd and show
poorly delineated boundaries (Fig. 4). The matrix

has been rcerystalli/ed and now consist* of olivine,

pyroxenes, and rnaskelynite (a shock produced gJafij

ol plagioeta.se composition). Silicate mineral

chemistry is homogeneous. Temperature
calculations using, the Wells (19771 and Lindslcy

11983) geoihcrmowcters ba.-ved on the calcium

content of co-existing pyroxenes indicate ihal Hie

mcLcoriic has been heated tu between 700 and
KOOV within its parent body (Fig, 5),

Stiock Effect*

Meteorites ollcn record shock features produced

liy high velocity collisions in space Shock effects

11 ,r,i|i

.!.',
, .

*4

. r J 'v.iUuiHI

uunii A '

I
..I _..-

'.ft I JH«J"Tt*»"t"»I--:

•M

I [u *. Silicate mineral chemistry in Mim^alu mctco'itc.

Isnihenm shnwTcmprciiMic calcuknious buNcd ut] liw

calcium content ol onhopyro.scne* and clinap^Tr^enc;

(Lindsley |0fc»).

range from fracturing and brecciation to xhe
formation ol' high pressure mineral* and rnellfns.

Shock related ftactiiiiiig js pervasive through
Mangulo; the olivine grains slVtrvy mosaic extinction,

and plagioclase has been converted into
maskelyuite, Mosaic extinction of olivine is

characteristic of meteorites which have been
shocked to pressures of 1 50 io 400 kilobars and the

conversion of plagioclase fO rnaskelynite suggests

shock pressures of about .MX) kilobars (Van Sehmus
Sc Ribbe 1%S; Stonier ct at. I9S8). Mangaio is

therefore a severely shocked meteorite which has

suffered from some for m of high velocity collision.

Classification

The average compositions of ihc ferro-maejiesian

silicates, olivine {Pa,,,
7 ) and orthopyroxene

(l''s
220

Wo,
A
), show (hut Slangalo belongs to the I

group of ordinary chondrites (Kcil &. Frediifcsson

1964). The miciostructure of Mangalo. which shows
recognizable chondrules with indistinct rims in a
crystalline matrix, indicates thai the meteorite*

belong6
, to a high mctamorphie grade, penologk

typc6i;VanSchmus,** Wood l%7). The vvollastotiite

content of orthopyroxene ranges from 1,2 (o 17
svt.%, similar to Ihc range Pound in most L6
chondrites <\Vo, fWoITj Soott et at. 1986). There-

have been major alterations to die mineralogy of
ihe meteorite due io prctcrresuial shock. Silicate

grains are fractured, olivine crystals show mosaic
extinction under cross-poLari/cd light, and
plagioclise has been converted to rnaskelynite. This

is consistent with a classification of shock fades
V iDodd & Jaro5-ewich 1979).

These observations indicate that Mangalo formal

deep svilliin the L-gmup parent body, which is

believed |u have been part of the asteroid belt, l!

was- metamorphosed and reerystallized at

temperatures between 700 and S(X)°C (I to 2 kilobars

of pressure) probably within the L-group parent

body and was heavily shocked before reaching

Earth. The Mangalo meteorite is classified as nn

L6e chondrites
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RECENT SIGHTINGS OF KILLER WHALES, ORCINUS ORCA
(CETACEA:DELPHINIDAE), IN SOUTH AUSTRALIA

byJohn K. Ling*

Summary

Twenty-six sightings of what are believed beyond reasonable doubt to have been killer whales

(Orcinus orca) were reported between August 1982 and March 1990 in most South Australian

coastal waters. The number of whales ranged from one to 52, with singletons and groups of two,

three, five and eight whales being the most common social aggregation. Most of the sightings were

made between December and June; this may reflect observer effort as much as any seasonal pattern.

KEY WORDS: Killer whale, Orcinus orca, Cetacea, sightings, South Australia, social groupings,

seasonal occurrences
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RECKNT SIGHTINGS OF KILLER WHALES. ORC1NUS ORCA (CFTACKA:
DELPHIN1DAE), IN SOUTH AUSTRALIA

by John K Ling*

Summary

Lino, J. K. (1991) Recent sightings of killer whales, Orcirtus orca (Cctacea: Delnluiridae). in South Australia

Tram. R. Son S. Ausl. 115(2), 95-98, 3! May, 1991.

'Iwentv-six sightings of what are believed beyond reasonable doubi lo have been killer Whales iOrcinut

OiTQi were repotted between August 19H2 and March 1990 in most South Australian oaaslal waters. The
number of whales ranged from one lo 5?., with smtjlctons and groups Of two, rliroe, 1 ivc and eight whales

being the most common social -aggregation. Most of ihe sightings were made between December and June;

this BJUy reflect observer effort as much as any seasonal pattern.

Kr> Words: KiUct whale. Oniftus nrva. Cetncea, sightings, South Australia, social groupings, seasonal

occurrence*

Introduction

The only published record of the Killer Whale
(Orctnus orcu) in South Australia refers to an

encounter between II Killer Whales and a large

whale and calf (apparently Blue Whales,
Bataenaptcru musculus) in the South East ol the

State (Cotton 1943) (see Table I) The Killer Whales

were I'miously attacking the head of the larger

whale. This is typical O orai behaviour (Murejohn

!9n8, Baidridgc 1972; Hoyt 1984). Ait ken (1971)

overlooked this record, although he believed that

Killer Whales probably did occur off the South

Australian coast.

Since 1982. the Soulh Australian Museum has

coordinated a public whale sighting and reporting

programme known as "Whale Watch - South

Australia" Orctnus orca is one of the niosi

distinctive and easily identifiable cetaceans because

of its body shape, markings and behaviour. Only

one or two diagnostic characters are sufficient for

its positive identification. This paper records and
analyses sightings of killer whales in Soulh

Australian waters resulting from the "Whale Winch

"

programme.

Methods

Through extensive media coverage, the public

have been encouraged to report sightings to the

South Australian Museum of any whales, alive ox

dead, from around the coast National Parks and

Wildlife Service Tangcrs and Fisheries nepanmem
officers, have been supplied with pro forwas

designed lo enable identification of cetaceans and

record pertinent information. Where possible, a

follow-up interview is conducted by Museum Staff

with the observer.

* .*>t>utn Australian Museum, North Terrace, Adelaide, S.

AU$1. 5000,

All reports are filed, bur. only positive

identifications have been used here. An
identification brochure (Anon 1980) is usually sent

lo each person following the interview lo help

maintain interest in the scheme, and to allow further

checking of chatacters useful for identification and
follow-up of sightings.

Results and Discussion

Twvmy-six reports of Killer Whales were received

between August 19S2 and May 1990 (Tabic l>. In

two instances* photographic confirmation was also

received (Fig. 1). Killer Whales have been reported

for all months except January and October, with

most reported sightings occurring between

December and June. The preponderance of

sightings in the summer to early winter months,,

may reflect increased numbers of observers, better

visibility and calmer weather rather than any actual

increase in numbers of Killet Whales in South

Australian waters during this period. According to

Baker (1983), Killer Whales may calve in autumn
or early winter in New Zealand walers. If. is known
that Killer Whales in other parts of the world move
about in icsponse to the movement o( food species,

e,g, herring In Norway (Christensen 19S8). It is

possible that their presence in South Australian

waters during the summer and autumn months is

due to the availability of favoured food items such

=*s fish, squid and seals*

A recent reported sighting involved an encounter

with six to eight killer whales near Point Brown in

the Far West., by District Fisheries Officer, Bob
Spriggs of Ceduna, on 2 March. 1990 (sighting 26).

Mr Spriggs observed the whales from a small boat

for about two hours There was one large (ca 10 m)
male, four to five whales 4-5 m long and one or

two less than 4 in long. They were first seen

approximately 1 km north of Poinl Brown towards

which they then headed rhrough foul ground- The
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TABLE 1. Killer whole sightings in South Australia, 1942 and I9S2 - JWO.

Sighting Date Locality Latitude,' No. of Remarks
No. I oneitude whales

1 10 December 1942 4 km Sli Fort MacDormel! 38 r 05S, 140 r,44L 11 Attacking other whales
(Cotton 1943)

> August 1982 Penncshaw, kangaroo
Jstand *&&*$ 137l 56 fc S' Photographs

3 April 1983 South Coast, Kangaroo
Island 37°00'S. 137 00'L 8 <- on

4 13 Decembei 1983 Foot of Gulf St. Vincent 34 a 33'S, t3SH0'F. 5 1 adult (?); 2 ymmg (?)

5 31 May 1 986 Investigator Strau 35*27 *& J 36- 50' b i F<7)<- pK!)

b ! June 1986 Cape Jervis J5f36'& 138 06'E 52 Herding salmon
i

1 June 1986 Ooolwa Beach 35''30'S, 13S'47'F 2 M • H?)( ftft)

i 15 June 1986 Waitpinga Beach 35M8S, 138 ;29t f
I NM offshore (- ^67

1

§ u juiy wm Off Glcnclg 34 a 53'S, I38 c 32 K 1 it) km offshore M(?)(-

10 13 February 1987 Cape Dutton, Kangaroo
Island 35""38 ,

S, 137'90'F. 5 3 adults, 2 young

11 19 February 1987 Althorpe Islands 35 L 22'S, I36 C 52F. 4 i adults, 1 young
(- #10?)

12 2 November 1987 Outer Harbot 34 C 45'S, 138 C'29'F 3 heading north; 25-30 It

13 14 February 198S Brighton North 35 r

01'S, 13S
r,

3i 'U i F (?)

14 9 March 1988 Smoky Bay 32c l$ \S, J33 :, 50 I. 5 2 Mv + 2 Fs

(photographs)

J5 3 May 1988 5-7 km HNH Troubridec

Shoal 3 5 "OS'S, BTOg'E 2 Attackine other whales

16 12 May 1988 Port Noarlunga 35"09'S. 138 29'

h

5 1 M, 4 Fs

17 13 May 1988 Por( Noarhmga 35*09 'S, 138 : 29'F Fs<7) heading norrh

(= *16?>

IS 17 May 19SS Port Elliot 35°32'S, 138^41 E 2 (~ #16?)

19 19 May 1988 55 km south of Cape du
Couedic 36

I:

34'S. 13G"42'E 24 t- fflCi?)

20 25 May 1988 Port Noarlunga jelty 3509'S, 138 L-29'C •>

i- M6?)
21 8 September 19RH Arno Bay 33

n
-56*S, l38

r'35*E 5 M, 30 ft; 4 - 20 h

Fs(?)

22 19 March 19*9 15 km west of Rapid Head 35 :3i'S, 138' 10'H 3 8 10 m long
2.1 2K May I9K9 I km south of Fowlers Ba> 32 : 00*S, 132"27 J

E 2

24 8 December 1989 4 km >outh of Cape fervi.s 35\3B'S, 138-06'C 8-9 M, 8 in; others, 5 6 m

25 27 February 1990 15 km NNh of Snug Cove,

Kangaroo Island

35^34'S, 1 30^52' F 3 2 Ms 1 W) O
*22?)

26 2 March 1990 Point Brown 32°33'S, m 51'E 8 [ M, 25-30 ft; U
l5-20ft

(photographs: Fig. 1}

21 31 May 1990 Greenly bland 34°30'S, 134^45'E 6-H 1 M, 4-5 Fs, 1-2 youne
(« R6T)

whales were also seen at one .stage to he working

in a kind of pack and harassing a Common Dolphin

{Delphinus delphis). The latter appeared to be quite

frantic in trying to escape from the Killer Whales

and was leaping out of the water and somersaulting

and cartwheeling in the air. Several of the smaller

Killer Whales were also seen leaping into the air and

re-entering ihe water head-first. Il is rather

remarkable that five Killer Whales were seen (and

photographed) in almost the same area on 9 March,

I9&S (sighting 14). Although it was not possible to

match any photographs to the same whales seen in

the two sightings, it is nor inconceivable that Ihe

same whales were involved on both occasions, and

again on 31 May, 1990 at Greenly Island (sighting,

27).

Killer Whales are known to form closc-knii.

highly stable, and probably permanent groups in

British Columbia (Ford & Ford 1981). Given (hat

Killer Whales are seen infrequently in South

Australian waters, it seems extremely likely that

several of the 26 sightings could have been of the

same animals or of the same herd, For example,

sightings 5, fi and 7 and possibly sightings 5, 6, 7,

8 and 9; sightings 10 and II; and sightings 15 To

20 probably included all or some of the same

animals. Furthermore, some of the sightings seen

in different months or even years could have been

of the same whales,, e.g. 2 and 3; and 22, 24 and
25, as well as 14 and 26 referred to above. Excluding

possible repeat sightings, social groupings were as

follows: I whale (3); 2 whales (3); 3 whales (4); S
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Fig, 1. Killer Whales, Orcinus orca, near Point Brown,
South Australia, 2 Match 1990. Top, male; centre, male
and female; bottom, female. Photographs R. Spriggs,

whales (4); 8 whales (3); 24 whales (1); and 52
whales (1).

Recent Killer Whale sightings in South Australia

are not confined to particular areas, but are spread
from Goolwa Beach on the south coast to Fowlers

Bay in the Far West, and into both gulfs. Indeed,

at this stage, it is not possible to nominate any one
locality where regular observations might be carried

out. Taking Cotton's (1943) report from the South
East into account, also means that Orcinus orca has
been observed over almost the entire South
Australian coast. Only sightings from land or boats

close to land have been reported to date.

There have been 46 strandings in New Zealand
(Baker 1983) and two in Tasmania involving at least

three animals (Nicol 1986). Nicol believes that the

Killer Whale's predatory lifestyle in and familiarity

with inshore waters should include an ability to

navigate safely away from hazards that might affect

other (particularly oceanic) species and cause them
to strand. However, many strandings occur on
Vancouver Island, Canada, where large resident and
smaller transient populations frequent the waters

between Vancouver Island and mainland British

Columbia, Canada, and Washington State, USA;
despite the Killer Whales' presumed familiarity with

the area (Ford & Ford 1981).

There is very little Killer Whale material in the

South Australian Museum collections, and
associated data are imperfect (Table 2). We have no
documented evidence that Orcinus orca has ever

stranded in South Australia, although the five teeth

referred to in Table 2 cannot be discounted entirely

as such evidence.

The results presented here emphasise the value

of encouraging people to look out for whales and
report sightings to the authorities and, in particular,

to try and obtain good clear photographs of dorsal

fins and other markings by which whales may be
identified. Such data will lead to a better

understanding of the biology of this spectacular
species in South Australian waters.
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TABLE 2. Orcinus orca specimens registered in the South Australian Museum

Reg. No. Date of registration

or collection

Locality

M 1590 11/9/1922 "near Mount Lofty Range

M 3224 ? 1932 "South Australian beach"

M 5345 ? 1945 Portland, Victoria

M 5649 ? 1945 unknown

Material/Remarks

Part skull (specimen lost)

Five teeth

Mandible ramus; no data*

Part skull (no mandibles); no data*

These could be of one and the same animal
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CRINIA TSCHUDI (ANURA: LEPTODACTYLIDAE) FROM THE
CAINOZOIC OF QUEENSLAND, WITH THE DESCRIPTION OF A NEW

SPECIES

byMichael J. Tyler

Summary

The leptodactylid frog Crinia presigngera sp. nov. is described from a series of Oligo-Miocene sites

at Riversleigh Statioin northwest Queensland. This finding represents the first record of the genus

Crinia from the Tertiary and the first record of fossil material of Crinia from Queensland. Crinia

remota Tyler & Parker is reported from a Quaternary cave deposit at Riversleigh Station.

KEY WORDS: Crinia, ilia, Leptodactylidae, Cainozoic, Queensland, Australia
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CRtStA TSCHUDI <ANURA: LKPTODACTYMDAK) FROM THF CAINOZOIC OF
QUEENSLAND, WITH THE DESCRIPTION 01 A NEW SPECIES

by Michael J. Tvi f.k*

Summary

Tvt t«, M. J. (1991) Crinia Ischudi (Anura; I .cptodactylidac) from the Camozoic ot Queensland, with ihe

description ot a new species. Tram, R t StK, 5 4wvf. 115(2), W-tOI, 31 May 1991

The icptddaelyhd frog Crinia presignifera sp. nov, is described from a series of QQ£Q-Miocene sites at

KiverslcigruSitariein in northwest Queensland. Tins finding repieseutii the first record of the genu;. Cnnia
Irotn the Tertiary and ihe first record of fossil material of Crinia from Queensland, f rinia remote Tyler

& Parker is reported from a Quaternary cave deposit sit Ki>cr.sleigh station

KEY WOKE© Crinia, ilia. Lcptodactylidae, Cainozoie, Queensland, Ansnalu

Introduction

The genus Crinta Tschudi, including frogs

referred lo Ranideda Girard (according to Hcycr et

til. 1982). is a group of 12 small, ground-dwelling

species that live close to water. Jt is represented in

all hut ihe arid, central portion of Australia, and
Ihe central coastal area of Western Australia. One
species (C. remota (Tylei & tartar)] occurs in

northern Australia and southern New Guinea.

The genus Crinia lias been the subject of diverse

Studies, particularly in the fields of polvrnurphi.tm

and of pre-mating isolating mechanisms.
Consequently,, published data on this genus ate

more substantial than those available for any Other

genus in Australia.

The phylogenelie relationships and the origin of
Crinia urt unclear. Morphological evidence (Heyet

<fc Liem 1976; Davics 1989) suggests a close

relationship with Pseudophryne Fitzinger and
Uperoleia Gray.

The current fossil record of Crinia consists of the

extant species of C. signijera Girard, from
Pleistocene deposits at Henschkc's Cave and-

Victoria Cave, in the southeast of South Australia

(Tyler 1977), and the extant species C georgiam
Tschudi from Pleistocene deposits at Skull Cave and
Devil's Lair in the extreme southwest of Western

Australia (Tyler 1985).

Mere I report the first Tertiary record of Crinta.

and the first Quaternary record o\' Crinia from
Queensland. The genus Crinia occurs at several

Caimvoie sites at Rivcrslcigh Station in northwest

Queensland. Previously, two other teptodactylid

genera have been reported from that area:

Lechriodus Boulengcr (Tyler 1989) and
Limnodynastes fitzinger Oylei I990J.

Depc of Zoology, University of Adelaide. Bos 498,
O.P.O , Adelaide! S. Aust. 5001

Material and Method*

The material is deposited in the Queensland
Museum, Brisbane (QM) and the South Australian

Museum, Adelaide (SAM). Letters following the

abbreviations are depaitmental identifications.

Comparative studies were based on the

osteologicat collections ut the Department of

7oology, University of Adelaide.

Osteological nomenclature and methods of

measurement follow Tyler (1976, 1989)

Syslrrnalics

Family; Lcptodactylidae Werner, 1H9f>

Sub-family; Myobatraehinae Schlegel, 1K50

Genus; Cnnia Tschudi, 1838

At the time of ihe preparation of a description

of the ilial characteristics of Australian frogs by

TVIer (1976), Crinia was considered a monotypic
genus, and Runidetlu distinct from it. The principal

murphological features distinguishing C. georgtana

from the species of Ranidetfa examined (R.

parinsignijera and /?. signifera) were considered to

be the extent of the dorsal protuberance, and the

presence of a very slight longitudinal indentation

upon ilie lateral surface of the ilial shaft of Crinia

that was absent from the Rantdeila species (lyler

W6).
Examination of these particular features in

additional species formerly referred to Ranidellu:

biiinftua, deseciwoiu, gluucrti, insignifera,

pseudinsigriijera, remota and riparia indicates that

the generic differences proposed by lyler 0976)
cannot be sustained. Nevertheless, and perhaps
more significantly, despite its larger adult size, it

is evident that C georgiana has a more robust ilium

than the species ol Ranideilo so far examined, in

which the ilial shaft proportionately Is deeper and
more substantial than in those species (hat are now
its congeners.
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Diagnostic generic features of Crinia arc ihc

curved and medio-Iaterally flattened shaft, lucking

a dorsal crest and possessing a very Might medial

indentation; large acetabular fossa with a broad

peripheral rim; slight development ol the ventral

acetabular expansion and a subaeetabular /.one that

docs not protrude anteriorly, The dorsal acetabular

expansion h poorly developed. The dorsal

prominence is low and the dorsal protuberance

slightly developed.

Crinia pwsignifera sp, nov.

Fltj. 1A

tlolotype: QM FI7630. A left ilium eolieeted at

Wayne's Wok Site, Riveisleigh Station, northern

Queensland,

Description of hoiotvpe: thai shaft sknder and
slightly curved. Lacks dorsal crest bur with

moderately deep, slight lateral concavity along

proximal one-third ofshaft. Distal end o! ilial shall

incomplete inferiorly.

Acetabular fossa large and deep, with prominent,

elevated rim. DoTsal margin of acetabular lossa

snpenor to inferior margin ol' ilial shall. Pre-

ticet^hular /one evenly rounded, expanding
inferiorly into protruding rounded flare 01 sub

acetabular expansion. Inferior margin of sul>

acetabular expansion lacking.

Dorsal acetabular expansion raised slightly.

Dorsal prominence poorly developed. Dorsa)

protuberance narrowly oval, prominent, projecting

laterally.

length of ilium: 6.3 mm.
f

%urat)>pes: There are IK paratvpes - OiiMMleSiie*

QM F17634^6, 18155. SAM P3I230-33: Quemin's
Quarry Site: AM F1763I; Neville's Garden Site: QM
FI8I56-58. SAM P31234 35; T\vo Trees Site: QM
F17f>32, SAM P31228; Camel Sputum Sue: QM
FI7R33, SAM P3I229.

The largest of the specimens in which the ilial

shall is complcle measures 7.1 nun. A patalype is

shown in Fig, I,

Throughout the series the dorsal prominence and
dorsal protuberance are conspicuous, and (he dorsal

acetabular expansion is elevated only slightly. The
acetabular fossa is consistently large, but the

breadth of the adjacent pre-acefabutar /one varies

from extremely narrow (at its closest proximity to

the fossa) to moderately wide. The vemral

acetabular expansion is incomplete in most
specimens,

Comparison with other species: The oveiall

similarity in external morphology of species of

Cttnia (excluding C gvnrvjanu) is accompanied by

;m extreme comet varism in the form of the ilium.

Most of the specific characters arc slight, when

"~~
- —

\.)
,

fig. 1. A. Cnma prt^/^ni/cra sp nov pafrtivpe: QM
F|7i53(?; R CritUu redout -VXM P1I23*

compared with those distinguishing members of
other genera e.g. Limnodynasres and Litoria.

Nevertheless one feature distinguishing <7.

prcsignifera from congeners is the narrow pre-

acetabular /one clearly demons) rated by com-

parison with C. remota in Fig. I. Amongst extant

species the one with the narrowest pre-acctabular

ione is C. signijera but even in that species it is far

more substantial than m the new species.

Stratigraphy ami lithttlogy: In the Riveodeigh

Station area Archer, e( al (WS9) recognised a

minimum ol' five types o\' Oligo-Miocene
carbonates that are rich in bones. The sites bearing

0, prt*sipiifrra comprise two sequences of lacustrine

carbonates thai contain principally non-aquatic

local faunas, These collectively arc referred to by

them as "System IT and "System C n
.

Ktymotngy: In adding pre- (I
,
prae) as a prefix io

si%nifera I am alluding to the ancestral nature of

the fossil species relative to extant .species.

Crinia remota (Tyler & Parker)

Hg. IB

Material; A single right ilium, SAM P3I236 from

Carnngton Cave, Riversleigh Station, Queensland.

Descriptive notes: The ilial shaft is cylindr ical and
the terminal portion is missing, l.xisling length 4.6

mm. The superior ponton of the dorsal acetabular

expansion is missing. The vcnital aectabulat

expansion is broadly expanded.

Comments: Crinia remota (Tyler & Parker F)74) was

described ftom southern Papua and is now known
co occur also in northern Queensland and the

Northern Territory including Melville Island and

Groote Fylandt (.Tyler et al, P>85, in press}. The

present specimen does not differ from specimens

examined and is the lust fossil record of ihc specie^.
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Carrington Cave is situated in a hill adjacent to

the Gregory River. The specimen was found near

the surface of a vast mound of Fragmented bones
derived from the excreta of the ghost bat

Macroderma gigus, and is located approximately

100 m from the entrance to the cave.

The age of the deposit is unknown but It is

presumed to be Holoccne or Late Pleistocene.
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A LARGE NEW SPECIES OF LITORIA (ANURA: HYLIDAE) FROM THE
TERTIARY OF QUEENSLAND

byMichael J. Tyler*

Summary

A new species of large hylid frog of the genus Litoria Tschudi is described from a small series of

disarticulated, and fragmentary ilia from Tertiary freshwater limestone deposits on Riversleigh

Station, Queensland. The species exhibits unique characters in the form of a pair of depressions

situated on the ilium, superior to the acetabular fossa, and a horizontal flange projecting mediad

from the ilial shaft. Litoria magna sp. nov. is the first record of the genus from the Tertiary of

Queensland, but several congeners await further study and description.
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A LARGE NEW SPECIES OF LITORIA (ANURA: HYLIDAE) FROM THE TERTIARY
OF QUEENSLAND

by Michael J. Tyler*

Summary

Tyler, M. J. (1991) A large new species of Litoria (Anura: Hylidae) from the Tertiary of Queensland.

Trans. R. Soc. 5. Aust. 115(2), 103-105, 31 May, 1991.

A new species of large hylid frog of the genus Litoria Tschudi is described from a small series of
disarticulated, and fragmentary ilia from Tertiary freshwater limestone deposits on Riversieigh Station,

Queensland. The species exhibits unique characters in the form of a pair of depressions situated on the

ilium, superior to the acetabular fossa, and a horizontal flange projecting mediad from the ilial shaft.

Litoria magna sp. nov. is the first record of the genus from the Tertiary of Queensland, but several congeners

await further study and description.

Key Words: Litoria, new species, Tertiary, Riversieigh, Queensland

Introduction

Documentation of the rich Tertiary frog fauna

from freshwater limestones on Riversieigh Station

in northwest Queensland, commenced with the

description of a new species of the leptodactylid

genus Lechriodus Boulenger (Tyler 1989a). Tyler,

et ai (1990) discuss the significance of the numerical

abundance and dominance of that genus amongst

the frog fossils recovered.

Two Tertiary species of Limnodynastes Fitzinger

have been reported from Riversieigh Station (Tyler

1990), but as yet the hylid fauna is unknown.
Here I describe the first of several species of the

hylid genus Litoria Tschudi. It is represented by a

small series of ilia, is distinguished by a suite of

unique characters, and is noteworthy for its

particularly large size.

Material and Methods

The material is deposited in museums abbreviated

in the text as follows: Queensland Museum,
Brisbane - QM; South Australian Museum,
Adelaide - SAM. Letters following the abbreviations

are departmental identifications.

Comparative studies were based on the

osteological collections of the Department of

Zoology, University of Adelaide.

Osteological nomenclature follows Tyler (1976),

methods of measurement and orientation of

specimens follow Tyler (1989a), and stratigraphic

interpretation is after Archer et ai. (1989).

Systematics

Family: Hylidae Gray, 1825.

Sub-family: Pelodryadinae Gunther, 1859.

Genus: Litoria Tschudi, 1838.

* Department of Zoology, University of Adelaide, Box
498 G.P.O., Adelaide, S. Aust. 5001

The diversity in external morphology in this

genus is paralleled by the form of the ilium;

comparative osteological data for 21

Australopapuan species was presented in tabular

form by Tyler (1976). Diagnostic features are the

absence of a dorsal crest upon the ilial shaft, and

the presence of a shallow, longitudinal groove upon

the medial surface of the shaft. The dorsal

protuberance and dorsal prominence are not raised

much above the superior border of the ilial shaft,

but usually are well differentiated.

Litoria magna sp. nov.

FIG. 1

Hoiotype: QM F17627. The proximal two-thirds of

a right ilium collected at Camel Sputum (C.S.) Site,

Riversieigh Station, northwest Queensland.

Description of hoiotype: Ilial shaft curved, deep,

robust, cylindrical in section proximally and lacking

a dorsal crest (Fig. la). Medial surface of shaft with

horizontal, superior flange becoming progressively

more prominent and rendered more conspicuous by

accompanying inferior indentation. At its distal

extremity, flange extends from shaft for distance

equivalent to depth of shaft (Fig. lb).

Acetabular fossa large, with narrow but

prominent rim. Pre-acetabular zone evenly rounded,

with narrow separation from acetabular fossa. Sub-

acetabular zone incomplete. Medial surface of

acetabular region bears shallow, central cavity ca.

1.0 mm in diameter and 0.7 mm deep.

Dorsal acetabular expansion slightly truncated

but apparently poorly developed, being elevated

only slightly above level of ilial shaft.

Dorsal prominence and dorsal protuberance

poorly developed and replaced by a pair of distinct

depressions: one located superior to anterior rim

of acetabular fossa, the other superior to the centre

of the fossa.
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Fig. 1. Holotype ilium of Litoria magna sp. nov. A. Lateral surface; B. medial surface.

Length of ilium 18.7 mm; estimated length of

reconstructed complete ilium 25-27 mm.
Paratvpes: Four incomplete ilia: Camel Sputum
Site: QM F17628, SAM P31220-21; Gag Site QM
F17629.

Variation: Each of the paratypes is an incomplete

and variously abraded proximal head of an ilium.

Although the ilial shafts terminate at or proximal

to the development of the horizontal flange, the

conspecificity of the material with the holotype is

demonstrated by the presence of a pair of

depressions superior to the acetabular fossa. In both

SAM P31220 and QM F17628, the anterior of the

depressions leads anteriorly to a groove connecting

to the superior margin of the shaft.

Paratype QM F17629 is highly silicified, and the

elaboration of bone bordering the depressions is

suggestive of localised, secondary exostosis.

The paratypes appear to be from individuals that

would have been smaller than the holotype and

further differ in having a more elevated dorsal

acetabular expansion.

The pit reported on the medial surface of the

acetabular area of the holotype corresponds to the

position of a foramen in QM F17629 and is

presumably the effect of artificial enlargement of

such a feature.

Paratype SAM P31221 consisted originally of the

lateral face of the acetabular region and proximal

ilial shaft. This fragile specimen disintegrated into

three smaller fragments after it had been drawn. It

probably was the corresponding portion of the more
complete SAM P31220 which was extracted from
the matrix at the same time.

Comparison with other species: The presence of a

pair of depressions superior to the acetabular fossa,

and the horizontal flange upon the ilial shaft

distinguish this species from all congeners.

The depth of the ilial shaft of the holotype is

indicative of a robust-bodied species, whilst

examination of ilia of large species of Litoria,

including L. lesueuri (Dume'ril & Bibron), L.

caerulea (White) and L. infrafrenata (Giinther)

suggest that L. magna could have been bigger than

any extant species, certainly having a snout to vent

length of more than 120 mm.
Stratigraphy and lithotogy: Archer, Godthelp, Hand
& Megirian (1989) provided a preliminary

assessment of the stratigraphy of the major fossil-

bearing sedimentary deposits at Riversleigh. The
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I wo sites from which L. magna has been recovered

occur within a series of Oligo-Miocene lacustrine

carbonates that range in age from approximately
15 lo 25 million years BP. Camel Sputum Site occurs
in limestones interpreted To be of early to middle
Miocene age (within the Archer et ai "System B"),

whereas Gag Site oecun> in slightly younger middle
lo early late Miocene iimesioncs (i.e. ''System C"
deposits).

Etymology: Latin magna: large, alluding to the size

of the fossil species.

Discussion

Litoria is the most speciose genus in Australia

and New Guinea, and osteological data have
supported I he sub-division of the unit into assumed
natural groupings of species (Tyler & Dawes l°78)..

The Tertiary record of Litoria is poor. Isolated

specimens (listed in Tyler l9H9b) have not been

identified to species. Thus /. magna is the first

Ternary member of Liioria to be described.

The unique horizontal flange upon the ilial shaft,

and the pair of supra-acctabuJar pits set L. magna
upait from all extant species, and hence does not

appear to be ancestral to any modern species group-

Other species of Litoria from Tertiary deposits

on Rivet sleigh Station await description, but none
approaches the size of L. manna. The large size of

/.. magna is unusual amongsL the Tertiary frogs

known from Riversleigh Station, for the species

ihcrc arc predominantly .small, a feature

characteristic, amongst extant frogs, of geographic

areas that experience a high rainfall (Tyler 1989b,

Fig. 8) and are not exposed to seasonal aridity.
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THE DISTRIBUTION OF ECHINOCEPHALUS OVERSTREETI DERDORFF
& KO (NEMATODA), A PARASITE OF ELASMOBRANCH FISHES IN

AUSTRALIAN WATERS

byIan Beveridge

Summary
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BRIEF COMMUNICATION

JUL DISTRIBUTION OF ECHIMKFPHALLS OVERSTREETJ DEARDORFF & KO
(NEMATQDA), A PARASITE OF LLASMOBRANCH FISHES IN AUSTRALIAN WATKKN

A recent study of Ihe cchinoeephahd nematode parasites

of clasmobraiwhs from South Australian coastal waters 1

identified the species present as BefitmcephuiiLv overs*ivef!

Ucardorff & Ko, 198*, previously known only from a ray

Txietuuru mcktnn^pi{n\ Hleekcr from the Marquesas
Ishmdx |c lO-S, 140"fc) in the southern Pacific Ocean'.
and static reported from another species of ray,

Untzymiws aspenimus (Bloeh Si Schneider*, trom
hmwetok Atoll <12"N, 164 D (also spelled Lucwmk
AloII) in ihe Marshall Islands ol the eastern Pacific".

A number of records cmm of Ech'tnocephahis Bfx from
regions ot Ausrralix other than South Australia* from
mollusc*, teleosts, dolphins and turtle*.

1

,
hm in ihesc

eases the specie* involved could not he determined with
certainty, since the leptirts ivcrc based on larval specimens.
In addition, adults ol a second species, L. Xfn&t5t$ Ki\

1975, have been found in a ray, Uasycttisjluvioruiv QgiTby
ofJ' the southern Queensland coast, and there are no
known mot|UiolOtfieal criteria which reliably dMtinguiyh
the larvae of the Iwo species'..

Since die sludv of E. ovrrstrccn in South Australian

water- was completed, a rttrther 770 clasmobranchs,
ec-vet ut* an additional 72 species, have been evtmmed lot

parasites, comprising specimens liom north-eastern

Queensland, the Northern Territory, the north-west and
snmh-wext coastal areas of Western Australia and from
1asin;*ni:+, Detailed records of all clasirtohianch hosts

examined for parasites hnvc been lodged in ihe

helminrhoiogieni collections of the South Australian

Museum (SAM).
Adult specimens of /•. Qve/Qftn&i were recovered (carp

(numbers in parenthesis ate specimen registration numbers
hi SAMi 2 of 2 (100'?.' ) Dasyai is scphen (Porsxkal) from
Fog Bay, N.T. (HC 17194) and M ol 15 (87^) at Nickol
Ray, W.A. | \HC 1 7200-17205). horn i of 12 i«;

)

Slyliahutts (jusftofh Maclcay from Runnury, W.A (HC
17208) and 2 of 4 (50$ ) Ut'trtorioritus poriu^jacksovi
(Meyer) from Himhnry, "W.A, (HC 17252) and I or I

(KKH'; ) at Stanley. Tas. (HC 17231).

Larval slages of hchmacephuhti, which could not rx
identified to specks were recovered from one of 10 (10'.''

)

Carchathtrtub pluwbem (Kardo) from Bunburv, W
( A.

|HC H2J6), two of 10 (20',M Rhymhufwtus djfdik'nsis

ffoKikil) from Flat Top Is,, Qld {HC 16041, 16042) bin
in none of 10 ot the w-ime species examined in the Northern

Territory and Western Australia, from one of 14 fi%)
HittunUiitv uarrutk (Porsskal) from Pog Ray, N.T. (HC
17219), but from none ot five H, uumak from Western
Australia and Queensland and 1 of J (100%) Acroht/tut

naiUwrt (Eupiuasen) from foe Bay, N.T. (HC 17214).

Adult specimens of E. owrstrtvti were thus recovered

fmm elasmobranehs in coastal waters of three of die font

Mates from which fish were examined, infer i ing an almost

circum-eontmental distribution. Taken together wiih pre-

existing records*
1

»- \ (he d3ta suggest that E. overittwti

it. widespread in the Pacific region. E. stfif>nt<$
t desct ibed

originally from Aeiobatus narinati VAiytU\Qtxu from Hong
Kong" was nor encountered in this survey, .so the iolc

record of the Species from the Australian rcoion remains
that ftoni D. fivviorum from Queensland 1

.

In spite of the large numbers and wide range of species

of elitsmobranchs examined, Evhinocephtilits adults and
larvae occuried al a much lower overall prevalence (2.9%)
tlmn reported earlier for South Australian coastal waters

t47.,V:':), The difference dors noi icHccl the very few

hererodonnlorms collected outside South Australia, since

the rcspeclivc ptcvalcuces when ihcse hosrs me removed
aic 2.5% and 39.83*. hut may reflect biases in the other
host species sampled

In south Australian waters, gravid specimens of E.

oventreeti were round only in Ht'teraeiomus
ponusjaeksatu (Meyer. 1971)*. Norte of the specimens
collected from hosts other ihan //. porw\juck\<>ni.

included in this report, were gravid, confirming our earlier

observations. However, the type specimens of K
'iit'/W/rr//, collected ftoni ihe ray A melanaspifos WBre
gravid suggesting that heterodnnrdorm sharks ate not [he

en/y suitable hosts. The srme of maturity of the specimens
from U i/spwrimni horn Eniwetok Aiotl was not
reported', and no cchmoecphalids' weiv found in a sitndc

V. usperrtmus examined by us from northern Australian

coasts.

Thanks are due to Mr B, G. Robertson who collected

the specimens of /cfiinocephohn. and to the Australian

Biological Resources Study who financially supported the

colleuinfc.
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REVISED AGE FOR AYERS ROCK AND THE OLGAS

by W. K. Harris & C. R. Twidale

Summary
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UklU COMMUNICATION
RKYTSEfl AGE FOR AYLRS KOCK AND THF QEfiAS

In w\ ratlier paper
,

il was deduced thai ^yets Rock
and rtie Otpas were already uplands 60 65 My ago, in

midlife Palacoccne tinier. It was not suggested, ns

OJItci"' has claimed vviih respect ro Ayeis Rock, that t lie

residua! looked 'Very much as il docs today ici l
5alueoccnc

rimes " i' "'V, iKuh residuals are eroded in

Cambium sediments. The sleep bounding slopes that yive

ihcm their dramatic appearance weie formed dlptnn *tic

later Caino/oic, as a lesult 01' afcatpfqGl subsurface

ifioisiinc attack
!

,
That there were topographic rises on

die piceut upland wles during or by rue harly Touiaty

w^s inferred hxilTl palaeomotouienl evidence discovered

during ti prolamine o(' drilling instigated during, a search

for water in the nineteen sixties

A broad shallow valley cut in the Cambrian sediment';

h.o been filled by a maximum of jnsr over 1 00 m of

Cainovoic sediments. The basal sequence is paludal but

ihe sediments tnclude riverine ih wet) as sin ficial aeolian

materials The present plain surface of low relief is

essentially constructional una" gives no hint of the bedrock

relief below. The suggestion that the ancestral Aycii. Rock
and iheOlgas are of considerable antiquity derives first

from the aa-urncm thai if there were a valley there must
Jiave been higher ground on e.irher side, and that the

precursors ot rhe modem lesiduuls occupied some o[ this

higher ground; and second from the occurrence near the

base of the fill sequence and at depths of 8I-X4 in of

lignites that contain an assemblage Of plant remains that

was considered IU be of middle Palacoccne age. Ihe
uplands probably took the form of a soil-covered low

dome 111 the case of Avers Rock - the present bevelled ciest

plus a tcgolithic veneer and ot a complex of low rock
dome* in the ease ot ihe Olaas.

1 his curlier assignment of a Pabeoeeno age ro the lossil

assemblage (from Sample No. S4063) was based on ihc

runges ol several species, in particular, fferkosporttcs

ell lot tit Siouu. Ptowaciditcs anxultmis' Sio\ei,

Rtvuprtwcttle.s vk'
t
i>dtriform& t'ookson and H wnviviatf*

Cookson. Flc-mems which are now considered io ha>c a
limited late Octaccons or b'arly Tertiary age include

Qutidgapl&M /j//av/«.s Stover and leiroaylfmivt^

verrucosus Stover. More recently A.IJ. HtiririOue has
identified fragments of iHapnciiynjro tptttwk Stover /t

Partiidueioer.*.. eomm. to W.K.H.t in ibe mareiitil. Till*

species has a middle to late Mansti icbtmn a^v in Australia

and New Zealand'.

flic material was previously equated with the

(httnbierina t'dwanlsti /one { the tygi$rtpolit*\tt&

halmci 7i»ue), However, an alternative assignment is EQ the

ItiLolftitrs (oftgJtf zone (Maastrichtictn to basal Daman")
based on the presence of Q. hmssttts nntt t ; Jurist/ The
younger Kilaeoeene clemem may reflect down-hole
contammartno.

Since the earlier paper was published, fmiker inatcual

from the region has tome 10 hand and has been examined.
Bote RN 11377 (Itu. 25° 21' 30' S, long. Ill 0J' 00"L)
yielded a carbonaceous Sequence between 67 and K4 in,

PalynomoTph assemblages lecovcred from this interval arc

m| I *Ue boeenc a.wc (Uppci Nothofagtditvs as/wt/ts /one
equivalent) indicated by The presence oi
\fafvcn:carumpolttx sp., (Jutntinh* sp.. G.wuviewo/i sp.,

an abundance of conifer pollen and a low diversity ol

"proicaccous" pollen.

This evidence, together wirh that of the 01 iujnal samples,

indicates a complex I ate Cretaceous and Terbarv
depusitkmut history lor ihe valley between Avers Rock and
ihcOIyas. A similar historv occurs in the adjacent lake
Fvre Rasin and it is templing in relate Ibcse seemingly
sporadic dcpositioual episodes within the cruton ro

regional waiping, such ai resulted in the clisi option of

drainage and in the lot mation of (he 'Xmadcus and other
basins of imernal drainage in Central Australia.

Thus we conclude lhai Iherc weiv ai tOEfcll iluef

depositioual phases in the aiea: vi/ 11 l.aU Ctelacvous,

a possible mid to late Palaeucene anJ a I ale F.ocene

sequence, The eailier phase implies .1 stt^hrtv older aye
- l>> some 5-10 My for the ancestral Ayer-. Rock .*n-.l

the Oljras than was preuousl). di-diiLtd Hseii ihii slichtlv

older age is ,1 inmuniim Age The bc\elled upper -.urt'aces
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lances, and upon which impacted the niet^oiiti* jcsponsible

lot Gosses* Kluib 1
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ROTIFERA FROM AUSTRALIAN INLAND WATERS. VII.

NOTOMMATIDAE (ROTIFERA: MONOGONONTA)

BY W. KOSTE* & R. 7. SHIELf

Summary

Keys are given to 14 genera and 70 species of the Rotifera: Monogononta in the family

Notommatidae presently recorded from Australian inland waters. Available distribution data and

ecological information are given for Cephalodella (26 species), Dorystoma (1), Eosphora (5),

Eothinia (1), Itura (3), Monommata (11), Notommata (14). Pleurotrocha (1), Resticula (3),

Scaridium (1), Taphrocampa (2) and Tetrasiphon (1). Drilophaga is recorded here for the first time.

A record of Rousseletia is incertae sedis. The genera Metadiaschizct, Pseudoharringia,

Pleurotrochopsis, Sphyrias and Tylotrocha are not recorded from the continent.

KEY WORDS: Rotifera, Australia, taxonomic revision, Notommatidae, Cephalodella, Dorystoma,

Drilophaga, Eosphora, Eothinia, Itura, Monommata, Notommata, Pleurotrocha, Resticula,

Rousseletia, Scandium, Taphrocampa, Tetrasiphon



fnmsiin,.)n\ qf /fa Wow// xvwwv <>• S lw/1. (19MI), 115(31. Ill tStt

ROT1FERA FROM AUSTRALIAN INLAND WATERS. VII. NOTOMMATIDAE
(ROTIFERA: MONOGONONTA)

by W. KOSTE* Sc R. J. SHIELI

Summary

K'-'ml. \V, & Shitt . R, .1. (1991) Roiifera from Australian inland waters VII, Notommatidae (Rmitera:

Monogononta) Tians, K. Sac. S. Altst. 115(3), 1 11-159; 29 November, 1991.

Keys arc given to 14 genera and 70 species of the Rntifera Monogononta in the family Notonirnandae

l»rL*senlly recorded from Australian inland waters. Available distribution data and ecological information

are given for Cephalodella (26 species), Dorystoma (I), Eosphara (5), Eothinia{\) % Intra O), Matwmmuia
(It), Notomwata (M), Plouroirocha (I), Resuculo (3), Scandium (I), Tophrmampu \l) and Terrosiphon

(1), Orilopha^a j$ recorded here for ihe HrM 'ime A record of Rousseletia H invertae secfi*. The genera

Metadiaschiza. Pseudofwrringia. Pleurotrochopsis, Sphyticts and Tylotrocha are not recorded from the

continent

K*\ Wourvs Kotircra, Australia, taxonomie revision, Noiommaiidae. CephulrHtt'llo, Ovtysioma.
Dnlophaga, Btsphora, Fothtrtfu, Uuru, Mnnommota, Notommota. Pfeurolrotiw. ftcsiicufu, Ronsselclh,

Sdtridwm. Taphrocarnpa, Twrasiphon

Introduction

The purpose of our scries of papers has been to

document the rotifers recorded from Australia,

primarily to provide usable keys to them. We have

demonstrated the existence of a diverse Australian

rotifer fauna distinct from that of Europeor North

America, with >50% or recorded species In some
genera endemic. Also, ihere is marked latitudinal

and longitudinal variation in species assemblages,

Taxonomic resolution of this component of aquatic

systems permits mora informed understanding of

community ecology in inland water? and, thereby.

better interpretation of environmental impacts on
water quality,

The taxonomy of the rotifer families we have

reviewed to date (seeKostc&Shici 1990b) has been

reasonably straightforward The Notommatidae, in

contrast, appears to be the repository of everything

not readily placed elsewhere. In their revision of the

Wisconsin notommands, Harrin^A Myers (1924)

noted of the family that ''there has been a steady

accretion of new species and a periodic shifting of

the old ones, until it has become a veritable

Serbonian bog, carefully avoided by everybody or.

at least, trespassed upon only under compulsion 1
'.

It seems thai time has only compounded the

confusion. In the ensuing years some efforts were

made to resolve loosely affiliated taxa by erection

of new families, e.g. Undiidae, Dicranophoridae,

particularly by Remane (1933). Notwithstanding,

the Notommatidae still contains 21 genera in two

•
I ucKvtg-Brill-Sirassc 5, Quakcnbriic* D-4570, Federal

Republic uf Germany.
I Murray-Darling Freshwater Res. Centre. P.O. Boa Ml,

Alhury, N.S.VV. 2n40.

subfamilies (Koste 1978), with one-third of the

genera monospecific, and an extraordinary

profusion of 'species' in oiheis [>200 in

Oyj/w/orfW/a (Ruttner-Kolisfco 1974)]. A systematic

revision of the family is needed urgently. Given
Tccent technological advances, particularly scanning

electron microscopy (SEM) (cf. Koste & Shiel

1990a), resolution of rhe group is feasible.

Notommaiid rotifers are predominantly littoral

(epiphytic or epibenthic) in habit, collected in and
around vegetation in shallow waters of lake or met
margins, in billabongs, and in the roots or scales

ot Roaring macrophyie mats. Most are grazers,

feeding on detritus, bacteria and epiphytic algae,

particularly diatoms. Some taxa are amnivore*,

taking protozoans and other rotifers, and several

species are parasitic on worms or leeches (Pourriot

1965; Koste 1978).

General problems associated wiih rotifer

systematics are more pronounced in ihe

Notomrnaiidac, especially (hose arising from study
of preserved material* sometimes long after

collection (cf Berzins 1982). Animals may be

strongly contracted in preservatives, artefacts are

produced by distortion, colours of organelles may
fade, etc., leading to erroneous observations,

incorrect measurements and misidenrifications, For
these reasons wc consider that some of the

notommatid taxa reported from Australia probably

do not occur here. They may be good endemic
species named for the European taxa they most
closely resemble, or a known species wrongly

identified.

TO minimise erroneous identifications, we suggest

that live material be examined wherever possible,

followed by critical examination of masrax
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morphology, particularly the species-specific

selerotised Irophi (F:ig. 2), Extensive use of trophi

morphology has been made in European revisions.

General trophi structure was reviewed in Koste &
Shiel (1987a). but in view of the difficulty of

working with these small structures (some less than

20 /<m), we attempted in earlier parts to produce

keys to species based on morphometry, e.g. body
v. toe length, claw:toc ratios, etc. Unlike most

metazoans, rotifers are eutelic (cell numbers

GOustaW between generations) with little

intraspecific morphological variation, hence

comparative measurements of body parts can be

used diagnostically. In the Notommatidae, close

examination of the irophi is necessary to prevent

confusion or closely allied taxa or juveniles of large

species with adults of smaller forms.

In this review the format of earlier parts is

followed; for convenience, genera and species are

treated alphabetically. Keys to rotifer families are

included in Koste & Shiel (1987a), which also

contains brief descriptions of general morphology.

Known distribution and ecological information are

given for the species we have encountered. Available

type locality and holotype information is included.

Where type locality is not known, probable place

of origin is given in parentheses; some early authors

did not specify origin of material, however we
consider it likely that in the late I8th-early 19th

century their collections derived from proximal

localities.

Methods

Live animals can be collected with floating or

submerged macrophytcs from most standing waters,

Stems of Vallisneria, Eieocharis, Myrlophyllum,

and other submergents provide rich rotifer

assemblages. The floating liverwort, RUciacarpus>

or the fern, Azolla* usually have diverse rotifer

faunas associated with their submerged parts.

Whole planls or segments can be examined under
LP microscopy and resident rotifers removed by fine

pipette onto glass slides for HP microscopy.

Animals can be restrained by light pressure of a

coverslip (supported on plasticine
4
feet" or coverslip

fragments), or In a purpose-built compression

chamber (Martin 1986); all measurements of body
morphology can be made on uneontracted

individuals. If live material is not available, recently-

preserved is preferable to long-preserved.

When all body measurements are taken,

preparation of trophi for light microscopy should

be made by clearing the animal(s) in sodium
hypochlorite; at least several preparations should

be made to permit interpretation of the orientation

of the minute components. A drop of bleach

solution placed beside the coverslip is drawn
underneath it by carefully touching lens tissue to

the opposite side, The clearing animal should be

in view during the process because rapid flow of
the bleach may move it or the trophi, and the

preparation will be lost. A microscope-mounted
video camera is a useful accessory for recording

both whole-animal and trophi morphology during
this procedure.

Fig. I. Low vacuum system for mounting rotifers and
clearing trophi onto u Nuclepore filler"

Fig. 2. Trophi of Notommatu copeus from R. Murray
waters, Barman Forest. F - fulcrum, M. -

manubrium, R - Ramus, U - uncus. Cambridge S600
Stereoscan. Scale line 20 /mi.
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Treatment of trophi for SEM will depend on their

robustness; some larger trophi can simply be

extracted from cleared animals by micropipets,

rinsed through a graded ethanol series and pipetted

from the final 100% ethanol or acetone onto a SEM
stub (fit Fig. I). For more delicate trophi. The system

shown in Fig. 2 was adapted from Markevitch &.

Koreneva (1981). Rotifers removed from field

collections are rinsed through filtered water,

pipetted in a small drop of water onto a Nuclcpore

membrane and treated with sodium hypochlorite

for 5-10 min. Low vacuum is then applied to remove

the hypochlorite solution, the cleared trophi are

rinsed gently with distilled water, and the filter is

removed and dried over silica gel. Critical point

drying is not necessary. If sufficient numbers of

animals are used, standard sputter coaling with

gold/palladium and examination under SEM

Fig. 3. Tetrasiphon hydrocoru bhrenberg; (a) dorsal, swimming (g = glands); (b) lateral, swimming; (c) trophi; (d)

resting egg. Scale lines: a, b, d 100 /tm; c 20 /mi. After Koste (1978).
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enables detailed resolution of trophi in different

orientations. An alternative method detailed by

Kleinow et at. (1990) permitted high-resolution

micrographs of undistorted trophi preparations of

a brachionid species, Braehionus plicatilis. but has

not ye! been used for rotifers with more complex
trophi. Further details of trophi ultrastructure are

given by Markcviteh &. Kutikova (1989),

SVSTKMAIICS

Family Nolommatidae Remane

The characteristics of the family were described

by, inter a/ia, Harring &. Myers (1924), Remane
(1933) and Kosle (1978), It is a diverse assemblage

of illoricate or partly loricate taxa comprising two
subfamilies: Teirasiphoninae (two genera) and

Notommatinae (19 genera) separated on the basis

ol presence (Tetrasiphoninae) or absence
(Notommalinae) of a whorl of bulbous glands

between the stomach and intestine.

Subfamily Tetrasiphoninae

Ol two described genera, Repuutinu and
rein/siphon, only Tetrusiphon is known from

Australia-

Genus Tetrasiphnn Ehrenberg

Tt'trastphon Ehrenberg, 1840, p. 219. Monolypic genus.

Type: Tefrusiphon hvdroeora Ehrenberg, 1840

p. 219.

Tefrasiphon hydroeora Ehrenberg

BOS 3, 4

Syn.: IRepautma dkcrea Berzins, I960, pp, t-3.

Type tocatify: Berlin.

Hototype: Not designated.

Description: Body illoncarc, cylindrical 10 fusiform;

no annular ring separating head and trunk, cuticle

somewhat stiff; abdomen ends in short stumpy
projection over cloaca; foot short, bi-segmented,

with two acutely pointed, elongated toes; corona

oblique, extended ventrally to elongated 'chin*;

tentaculate dorsal paired lateral antennae; lateral

antennae towards posterior end ol abdomen
similarly elongate, with exceptionally long sensory

setae; single cerebral eye; trophi with single toothed

unci; manubria with complex projections (Fig. 3c);

rami long, lyrate, curved dorsally, with pointed

alulae; large hypopharynx muscle inserted in mastax

wall; adult animal commonly in yellowish

gelatinous sheath.

Length 450-1000 uiH, toes 60-80 uin; subitaneous

Fig. 4. Tefrasiphon hydroeora grazing on Pteumtaenium.
Tailandoon billabong, Miua Mnta River, Vic. Kodak
T-max, 1/30 sec.

egg 140-154x110-115 /im, with curved spinules 45-65

/mi long; resting egg 200 x 155 pffl; male to 300 /Ain;

male egg 102-126 <88-92
ftm.

Ecology: In Sphagnum pools, acid waters in Europe,

N. and S. America; billabongs of upper Murray
tributaries, N.S.W., Vie.; dune lakes in Tasmania
Specialist grazer on large desmids, e.g, Cosmarium,
Micrasterias, Pteurowenium (Fig. 4), Stuttrustrum.

During filmed feeding experiments, an individual

from a billabong on the Mitta Mma River at

Tailandoon, Vic., ingested 10 Staurastrum in 30min.
As the cells passed along the gut they gradually lost

colour, the semiceil branches were fractured by

muscular action, and the fragments were egested.

Literature: Pourriot 1965; Kosie 1968, 1978.

Subfamily Notommatinae

The subfamily has 19 named genera, 13 of which
are known from Australia. Metadiusehtzu Fadcev

(Fig. 5:1), Ptearotroehopsis Berzins (Fig. 5:2),

Pseudoharringiu Fadeev (Fig. 5:3), Sphyttus

Harring (Fig. 5:4) and TK'toiroeha Harring & Myers
(Fig. 5:5) are not presently recorded here- For
further information on them> see Koste (1978).

Drilophagu is a new record, reported here for the

RrtJ time. A single report of Rousseletia is

considered ineertae sedis.



RO'flfLRA I ROM AUSTRALIAN INLAND WATERS h

m mm
m$m vim ic

1a i*

1d

^S.

/
HL>£

*$

w »%r 3a «i 3c

.•'

4b
r* A- 1**: "V' ?.

j
, a

E-J»

I - '

»

4c

"T- ^ l*»-

4d

• X
\

Mj
5a S

^

./ j l

pass t*

5c

fa

5d
)

Fig. 5. L Metadiaschiza Fadeev: (a) lateral; (b) dorsal; (c) irophi ventral; <d) trophi, lateral. 2, Pleurotrochopsu Berzhis:

"(a) lateral; (b) posterior abdomen and toes, dorsal; lc) tropin, ventral; (d) distal end of fulcrum; (c) ventral curicular

'lamella* with hooks. 3. Pseudoharrlngia Fadeev: (a) lateral: (b) trophi, ventral, (c) fulcrum and rami. 4, Sphyrtas

Harring: (a) dorsal; (b) trophi, lateral; <c) trophi ventral; (d) trophi. apical; fe) unci, laieraL 10 resting ceg. 5, Tvfoirocha

Harring & Myers: (a) lateral; (b) dorsal; (e> trophi, ventral; <d) irophi. lateral. 1 after Wulfert (1937), 2 alter Berlins

(1973). 3 after Kutikova (1970), 4 after Ko.stc (1978), 5 after Harring & Myers (1922). Scale lines: adults 50 piifo

trophi 10 fim,

Key to genera of the subfamily Notommatinae

I. Corona on cylindrical exrrusion/evagination, with

cireumapicat dliaiiun (Fig. 14a); annular adhesive

organ present; no lateral ciliary auricles; mouth

deeply invaginaled DrUophaga Vejdovsky

(Fig. 14)

Corona not extruded, may be frontal, oblique or

extending venirally; no adhesive organ; ciliary

auricles may be presenl; mouth not deeply

invaginated , s 2

2(1). Viiellarium band or ribbon-.shaped 3

Virellarium ovul Or kidney-shaped 5

3(2). Nuclei arranged linearly .4

Nuclei irregularly distributed Entemplea

Ehrenberg (Fig. 15:2)

4(3). Eyeless; foot two to three-segmented

Pseudo hart'in£i8 Fadeev (Fig. 153)

Two frontal eyes on papillae; foot one-segmented

with annul! Sphyrias Harring (Fig. 5;4)

5(2). Foot and toes longer than body ,6

Foot and toes shorter than body,
,

,

» -7

6(5). Ibes of dissimilar length; foot short, mostly 2-.

rarelv three-seemeuted ,
. .Monommata Bartsch

(Figs 19.20)

Toes of similar length; foot 3-scgmentcd and very

long. Scaridium Ehrenberg (Fig. 28:1)

7(5). loot with Single toe, , . . 7\'lotrocfw Harring &
Myers (Fig. 5:5)

Foot with two toes . K

8(7). Rump or last foot segment whh spine 9

Rump or last fool segment without spine . - 10

9(8). Rump with curved spine

..... Dotystaitut Marring ik Myers (Tig. 15:1)

hoot -end with .short .spine Rnuwrlpiiu

Harring (Fig. 29)

10(H). Trunk loricate with 3-5 species-specific euliculai

plates . . , l * ; ; II

Trunk illoricate,, r •
. ,

... .12



Ill' W. KOSTE& R. J. SHIBC

11(10). 2 dorsolateral plains; 1 ymmil.qicd vein rat

plate . Ctyhuhiklld
Dory dc Si Vincent (Figs 7 (3)

2 dorsoventrul,.1 (or 5) vemiolrtteial jilatt*, ttlfiu

3 smooth mink plates present . . .

... , i , .Metatfiuschiza Fadcev (Fig. 5:1)

I H\0). Cuiiele with rows of tiny hooks
PIcuronochopMs Bor/.ius lhig 5:2)

( uii\k* lucking books H
11(12) Trunk with conspicuous annul) . . 7%/tftKhXUtipu

Gosse (Fig. 28:2, 3)

Annult absent ...14
1 li.J3). One cerebral eye and two Widely-separated houral

ows _ _ IS

CVrcbitil eye absent (or if present, no frontal e>es

as above) ... 17

I5U41. Stomach with Mind sne*.. ftttro

Hamiui& Myers* <Fig. IB)

Stomach, \viilioiu blind srcs -. ...16

16(14} Miitta* with single salivary eland EoihUda
Marring & Myers (Fig, |7;2)

Maslas with paired salivary gland*, .Evsphora

Ehrenberjj (Figs
1

16, 17:1)

|(7(H). Corona displaced vem rally; ciliary auricle*

literally ftn>e|tf ,

,

Notomnwta
Fhrenbcrg (l-igs 21-25)

Coiona anterior, no auricles present 18

lK(J7l. Salivarv fij&n& symmetrical Phurotmcha
Kerens (Fig, 26:1)

Salivary glands asvmmctncal or rudimentary.

.

.. KvsttiuUt (larrine & Mytwi (Fiss 27:2 4)

Genus CcplwhnteUo Bory de St Vincent

Cfphi/iorietUi Rory dc Si Vincent , l$2C>. p. 4*.

7>yv; CetcatU cutellitta Midler, 1786, p. 130. =

CephulotJetlu cvU-iiinu (Mutlerj.

7>yv UkwH(}': Copenhagen,

Fusiform notommatid rotifers of various shapes,

from elongate to short and stumpy; occasionally

illoricate, hut mostly with one or more lorica plates,

position of which varies according to species; flight

constriction between head and trunk, none between

trunk and short foot, which bears two toe*; in

loricate laxa, dorsal and lateral *ulci distinct

between plates; corona frontal, oblique with long

marginal cilia and two lateral (lifts of long
swimming cilia; buccal Meld lightly ciliated; masiax

viryale, wilh long straight fulcrum, poorly

developed rami; relrocerebral organ rudimentary or

absent; eyespot cervical, single or paired frontal, or

absent.

Of >2(X) Cephahufellu species worldwide, Kostc

(1978) described \M tasn from Europe. Twenty-four
of these, and two endemics, are known from
Australia. Other taxa (especially nominatlufua) are

given by Hamng & Myers (I
1) 24). who also discuss

the confused generic nomenclature.

Tropfu mwyhoinsy: |n the descriptive section

below, we recognize the six ttophi types described

by Wulfert (1937). In descriptions of trophl

structures, we use ^proximal' to refer to the head or
anterior end and 'distaP to the tailor posterior end,

-"Basal* as used b> Wullert implies proximaL

T\'pe A (Fig. 6:1): fulcrum spatulatc distally; rami

single, without teeth on inner margin; manubria
slender, rodlike, curving inwards in top view, from
straight shaft, no basal lamellae or di.stal dilation

ot manubria, which form characteristic ere.secntic

shape when closed.

Type B (Fig. 6:2): fulcrum as TVpe A; inner margin
of rami toothed or striated, ai times wilh alulae;

manubria wilh single or bilateral basal lamellae.

distally T-shaped (termed 'double-crooked* by

Wulfert, referring lo a curved shepherd's 'crook'.

This implement, and the term* no longer seem to

be in common usa&e). Several species (e.g. C. eva)

have a spatulale dilation of the manubria ends
rather than a free-standing T, bur in all other
features conform (o Type B trophi.

Type C (Fig. 6:3): feaiuies distinciive ringhkc

fenestrations at distal ends of manubria, considered

by Wuileri tu be derim! from double crooked Type
B trophi.

Type D (Fig. 6;4): is most complex, with trophi parts

not found in other types. Fulcrum short, dilated

distally (also in lateral view), narrower in middle;
rami from above widely separated, with comblike
teeth on forcipale tips (absent in srenroau);
manubria prnxirnally with wide bilateral lamellae,

distally with single abrupt tnward curve or crook;

behind basal expansions, branched structures

(suhunci) occur; unci single, often with dorsal plate.

In some species (for/fcuia. gif>tmteat terittheia)* a
large delicate frontal plate with denticulate margin
occurs above rami.

Type H (Hg. 6:5): known only in C. megalocephata,

Fulcrum not dilated; rami ri^ht -angled dorsaUy
(visible in lateral view), closed distally (at fulcrum)
and separating proximatly; basal lamellae of thin,

S-shaped manuhria apparently separate.

Type r (Fi#, (y,6): recorded only In C: miw, which
is not known from Australia. This uophus is

comprised entirely of delicate rods.

Key to species of Crpttulodeth reeorded from
Australian inland waters

Ratio roul length* ioc fengilt < J 2
Ratio tout leiigi h'loc length >J . 5
Willi single or double cerebral rye, .3

t-ycur.v<.
, IMI 4

Toev curved dot sally, distinctly segmented

C (antiUoutes Hauei (t*nj. IJ:l)

I.

3(2]
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Fig, 6, Trophi types recognized in Cephalodella species. I> Type A: (a) ventral; (b) lateral; (c, d) variant. 2, Type B:

(a) ventral; (b) lateral; (c, d) variant. 3, Type C: (a) ventral; (b) lateral 4, Type D: (a) ventral; (b) lateral, (e) uncus,

lateral. 5, Type E: (a) ventral; (b) lateral. 6, Type F: (a) ventral; (b) lateral. After Wulfert (1937). Scale lines 10 pm.

Toes sigmoid in lateral view, not segmented- . .

... . C nana Myers (Fig. 12:1)

4(2). Abdomen with hooked caudal projection. ....

C, mitcronala Myers (Fig. 11:4)

Without hooked caudal projection

, , C. biungutata Wulfert (Fig. 7:3)

5.(1), Ratio total length/toe length 3-5 6

Ratio loial length/toe length >5 21

6(2). Tbe tips with longitudinal denticle row (2 4) on

functionally ventral side C\ Undamaya
Koste<& Shiel (Fig. 11:1)

Toe tips without ventral denticles, buL may have

median dorsal denlicles ,7

7(6). Body >300 pm t
18

Body <300 pLtn 8

8(7). Body >90 ^m, toes >20 , tm 9

Body <90 /xni, toes s20 /an, C. giAleni

Bcrzins (Fig. 10:2)

9(8). Toes (straight or curved) taper evenly from base

to tip 11

Toes with recurved bristlc-likc tip or obvious

segmentation , . 10

10(9). Tips of toes sickle-shaped, recurved

C apacolea Myers (Fig. 7:11
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Lift.

12(1 1 >.

11(11).

H{i3).

16(15).

I7(IH

IK<7>.

19(18).

Ml 8).

-21(2).

22(21).

2Mily

24(22),

2*24).

-26(25).

DotaJ W Df toes demarcated hy transverse septum
into segmented tip C frtfUJfl

Mym (Fig I0:5j

Iocs >60 nm ..12

Toes <60 Mtn... , 13

Trophi > 70 pm (.1 g/A/ta

l.l-.hrenbere) (rig. 9:6)

Trophi ca. 30 pm f 1 ritt<
xo

Wulleti (Fig 15:3)

Toes |0 60 (tin _ .15

Toes < 30 fiiti W
Body <!2f ^m; iocs 20-26 juon trophj <30 >ira

t txifiiui (Cosset (Fig. 9:3)

Body > 125 >/m; toes 25 2S /im; trophi 30-34 /mi

C vetttnpes UiMm-Niuiall (rig. 13:4)

Trophi <V) Htn -, Ifi

Trophi >30 fun 17

Paired e>e*pots* with crystalline lens; toes > 1/3
hody length. .C rnisgurmts Wulferl (Fi& Jl;3)

No eyespots; toes < 1/3 body length

C jorjicotu (Etuenberg) (Fig. ¥:4)

Single eyespoi at posterior end of ganglion; corona

with prominent lips; manubria nor crooked, . .

, C. hoodi (Gos.se) <hig. UN)
Paired frontal eyespots in single capsule; corona
without prominent lips; manubria crooked . ,

.

C. stereo (Gossc) (Hg, I2;4)

iocs >ioo jurn .19

Toes <100 fitn - 20

Toes ea. 1/3 body length; tropin >70 pfflu -

C £/&W (Eluetiberg.v (fig ]0:l>

Toes 1/6 body length; trophi <7Q pm
.C panansla Myers ilie 12:2)

Distinct eyespot; toes l/.S body length

C forfk-ulu (b'hrenbcrg'l iKie. JfcS)

No eyespol, K'CS Yi body length

c: wttffoetk tfittrn) triir. 13:2)

Toes > 20 /im 22

Toes <2U jjB) .C. catelltna

(Mullcr) (Figs 7:4. 8)

Body >J90 Jim 23

Body <3M /tin 24

(NB: Occasionally individuals of C. parasitica may
exceed 190 ^m: see species determination.)

Toes >50 ,.tn (at least 1/3 body length)

C. vvu (Gosse) (l'ig. V:2>

Toes <50 /itn, 1/8 body length
, .

C »M,aloeef)httla (GlasscotO (Fiji. 11:2)

Eyespot(ii) visible, coloured or colourless. . .25

No eyespol C pwwittcu (Jennings)

(TO. 12:3)

Twu cerebral eyespots; lorica keeled in dorsal 1/3

.
. C euderbyi Wulferl (Fig, *>:l)

Sm^le eyespoi, colourless or eolouied; no dorsal

keel on posterior lorica 26

Eyespot reddish; trophi >30 /im

- , C aurfculaia (Mullet) (Tig. 7:2)

Eyespot colourless; trophi <30 /itn

.
, C gracilis (hhrcnheni) (Fig. 10:3)

Cephalodella apotvlea Harrinn & Myers
FIG. 7:1

Cephuiotieila apocalea Hitting & Mvem* 1024. p. 509;
l-igs 33:1, 2

fype locttlily: Nut specified, ". common in weedy
ponds and bogs." Vilas and Oneida Counties,

Wisconsin, ate first localities mentioned by Harring

and Myers.

Holotype: Not designated, ? Myers Colleclion,

American Museum of Natural Histoiy (AMNH),
New York.

Description: Hody Transparent, elongate, slightly

compressed laterally; plates obvious, with distinct

lateral sulci; foot large, robust, with small

protruding tail; foot glands large, pyriform; toes set

^ide apart, straight, ending in recurved, sickle-

shaped tips (toes may be crossed in swimming
animal); corona oblique, convex, without
protruding lips; (tophi modified type A, slender,

with delicate, curved mnmibria; fulcrum with slight

terminal bend; eyespot absent.

Total length 125-1X5 /,m; irophi 2</-33 /tm

(fulcrum 12-20 $m, manubria 20 /an); toes 32-59
urn.

Ecology; In acid-neutral waters on submerged
plants, in periphyton, where it feeds on diatoms and
unicellular algae. Europe* N. America, New
Zealand. pH tolerant. Single record: Magela Creek.

NX (billabong not named, possibly Mine Valley).

Literature: Koste 1981.

Cephatodetia uuriculuta (Muller)

FKi 7:2

Vttctuvllu uuncalutu Mullet. 1773, p. 111.

Ce/Owhtk'/dt auricukta: I lamng & \1vei'\ 1924, p. 4?'J

Fig. 2K:6.

For eviciHive synonymy see Kulikova (1970: 2M>), Koste
11078; 366).

Type locality. Copenhagen,
Holotype: Not designated.

Description: Body short, stout; head conspicuously
wider than trunk* with small tOMtutn; lorica rigid,

plates distinct; foot very short, loes short (<\/S
length); caudal antennae setae Iodk; tnaMa.x large

with two round, clear salivary glands; trophi type

A, with small, thin mallei, slender recurved
manubria, fulcrum long, expanded distally.

Resembles C verwipes, but has single red cervicat

cyespot.

Tola! length l20-!60/*m; irophi 36 /on; toes 22-28

/<rn; male 95 /im.

Ecology: Cosmopolitan in beach sand, in littoral

of still and flowing waters, where its main food is

phytoflagellatcs and detritus. QUI,. N.T,
t
Tas., Vic,

common in K. Murray oillabongs. 16.0-22^', pH
6,4-7.3, 57.3-274 a*S cm-

.

Literantfv: Colledge 1914: Koste 1981; Bemn* 1982;

Koste m at. 1988.
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Fig. 7. 1, Cephafodelfa apocoleo Myers: (a) lateral; tbj dorsal; (c) trophi, lateral; (d) toe tips, lateral; (c) fulcrum,

lateral, 2, C uuricu/ata (Muller): (a) dorsal; (b) lateral; for trophi sec Khfc 3:1a, b. 3j C biunguiata Wulfen: (a)

lateral; (b) loc tip, lateral; (c) trophi, ventral; (d) trophi, lateral, <e) uncus; (f-h) views of ramus; (i) toes, ventral,

4. C cutelUna (Miiller): (a) lareral; (b) trophi, ventral; (C) trophi lateral; (d) trophi of C. annata Rudeseu. 1, 2

after Wulfen (1940); 1 after Wultcrt (1U37); 4a-c after HarringA Myers (1924); 4d after Rodewald-Rudescu (I960).

Scale lines: adults 50 ftm; trophi 10 /*m.
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CephalodeUa biunguiutn Wulferi

FIG. 7:3

Ccphafodellu biimxufoiaWuWcn, 1937, p. 017 618, Fv&

7J'pe locality: (Germany).

Holotype: Not designated,

Description: Body hyaline, oval, dorsally arched;

head short, slightly oblique; abdomen projects over

short foot, both covered by dorsal plates; toes long,

flexible, >V3 total length, with distinctive bifurcate

lips due to presence of spinule at distal end; mastax
lacks salivary glands; trophi of C Hlbba type (B),

wilh symmettical rami denticulate on inner margin;

manubria double-crooked, with bilateral proximal

lamellae (Fig. 7:3c); shaft of uncus with seimdrcidar

lamella. Eyes absent. Close in C gibtm.

Distinguished from it by the lack of eyes,

chatacteristic longer bifurcate toes and uophi
differences.

Total length 250-313 >tm, toes 88-112 (im; uophi
50-54 $#\.

Ecology: Rare in littoral/moss of pools and streams

M>)k Ctfphttto\lelU( catet/inu (Mutter), <al lateral, (h

-wonii individual, lateral; fori nulc, latmil; fit) trophi
lateral; (c) trophi, ventral: ffj distal cad of manubrium
kr»sie

t
orig. Scale lines* adult 50 /mi; trophi It) ^m

?>& 8.

in Europe. Several individuals in a collection from
the filling Dartmouth reservoir in 1978* probably

incursions from a submerged littoral habitat, Not
collected subsequently.

Cephulodetta cateUina (Mullet)

FIGS 7*, «

Cervaria catcllmu Muller. 17S6, p. 130, Fig. 20:12,1 V
Cephatodrlfo rufef/ina: Bory dc St Vincent , 1826, p, 43.

Stt Haning & Myers 1 1924, p. 183-184) and Koste

(1978, p. 371) for extensive synonymy.

type locality; Copenhagen.
Holotype: Not designated.

Description: Body short, stout, bulbous posteriorly;

abdomen laterally compressed, with wide lateral

sulci separating indisunct lorica plates; foot shon,
ventral, beneath overhanging tail'; toes short,

appro*. 1/10 body length, thin itt conical; masiax
with ventral salivary glands (may be absent in small

specimens); trophi type C\ with long fulcrum
slightly expanded distally; manubria tod-shaped,
decutved, ending in semicircular dorsal expansion
(Fig. 80; Hooked manubria ends may result from
hypochlot lie digestion (of. Fig. 7:4d) (Kosie 1978);

two separate red frontal eyespots.

Tbta! length 80-160 /mi; toes 9-14 ^m (18-20 ,*m
in Warring & Myers 1924); trophi 27 ^m (45 /un In

Harring & Myers); male 140 ,<m, toes 17 /im.

Ecology: Cosmopolitan in fresh 10 brackish water,

occasionally reported in coastal (marine) waters
N.S.W., Tks., Vic. 12.5-23,5 C pH 4.4-6.8, 69,5-600
/iS cm', 2,9-300 NTU A parasite of Volvox
colonies (Europe and North America) is referred

to C. catetfina, C. cateliiim volvocicolu
(Zawadowsky). It is not recorded from Australia.

Literature; Evans 1951; Shtel &. Koste I97s>: Kostc
& Shtel 1987b.

CephalodeUa euderbyi Wulfcn
FIG. 9;l

CephotiHlella euderbyi Wulferi, IV40, p. sm, Fig, 4,

l\pe locality: Birkhorster Moor (eastern Germany).
Holotype: Not designated.

Description: Body stout, lightly arched dorsally;

head approx. 1/3 body length; corona with slightly

protruding lips; posterior dorsal lorica compressed,
resembles keel; foot short, almost covered by
poinled 'tail'; toes short, approx. 1/5 total length,

thin, straight, occasionally slightly recurved; mastax
large, with distinct salivary glands; uophi of type

A - fulcrum spatulate distally; manubria thin,

rodlike, with single- crook distallv; rami sincJe, with
very small alula teeth; rwo small ruby-red cerebral

cyespots.
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Tig. 9. I, Cephalodetta euderhyi Wulfcrt: (a) lateral; (b) trophi, ventral; (c) trophi, lateral. 2, C, eva fGo&se): (a) lateral;

(b) trophi, ventral; (c) trophi, laieraL 3, C. exigua (Gossc): (a) lateral; (b) Trophi, ventral; (c) tropin, lateral. 4, C
forfkatu (Ehrcnbcrg): (a) lateral; (b) trophi, ventral; (c) manubrium, lateral; (d) fulcrum, lateral; (e) uncus; if) ramus.

5, C. forficuta (Hhrc-nberg): (a) lateral; (b) trophi, ventral; (c) Irophi. lateral. 6, C. gtbba L'hrenbcrg: (a) lateral;

(h) trophi, ventral; <c> trophi, lateral 1, 2b, c, 3c after Wulfeil (1940); 2a, 3a, 4a, 5 after Harrinu & Myer* (1924);
3b, 4e-f after Oonner (1949); 4b after Wisznicwski (1936); 6 after Wulfcrt (1937). Scale lines: adults 50 am; trophi

10 urn.

Total length 150-168 ;j.m; trophi 32 jim; toes 28
[itn; male 1 10 /*m; resting egg 53 ftrn.

Ecology. Described from a shallow moor in

Germany, where it was noted to graze green algae.

Single unverified record from Hoar's Lagocaf, Vic.

Not seen in our material,

Literature: Berzins 1982.

Cephahcfeifa eva (Gosse)

FIG. 9:2

Furcufario eva Gossc, 18S7, p. 864, Kg. 14:9.

Cepkahdella eva: Harring & Myers, 1924, p. 507.

Type locality: (England). "Lacustrine."

Hototype: Not designated.

Description: Body slender, laterally compressed,

dor-sally gibbous; bead short, broad, neck clearly

marked; plates distinct; corona oblique without

projecting lips; foot large, with large pyriform foot

glands; toes long, approx. 1/2 total length, very

slender and generally curved ventraliy; trophi type

B, with long, strongly crooked manubria; no eyespot

or retrocerebral organ.

Total length 190-285 /tin; trophi 23-30 /an
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(fulcrum 19 ^m, manubrium 23 jj.ro, right uncus II

ami: iocs 50-85 pot.

f-xofoxy: Cosmopolitan in periphytou, un'sv beach

sand, moors. Grazes diatoms. Rare, from -a

biDabong near Eildori, Vic; Tas, 17 9-19.7 C, pH
7.2-7.3, DO 42, 87 pS WW !

t ft.5 NTU.

Cephalodelia exigua (Hudson & -Gosse)

FIG, 9:3

DtaschizQ exigua Hudson & Gossc, 1886, 2, p. 78. b^fi

22:15.

Cephutodetfa BXtgtift Hanin^ & Myers, 1924, p. 4HI.

Tvpe locality: Cheltenham. England. ".
. , window

lank."

Hoiotype: Noi designated.

Description: Body short, stout, appears truncated

at posterior end; lateral sulci between loriea plates

lifsiiuet; neck clearly demarcated; loot small,

tubular; toes short, <1/5 body length, tapering

gradually to acute tips; salivary glands not

described, may be absent; trophi modified type B,

fulcrum slightly expanded distally, rami denticulate,

manubria strongly curved distally, but two ends do
not meet to form the fenestration typical o\ type

C trophi; two red cerebral eyespots; caudal antenna

very distinct; male known; nr$tiug egg with smooth

dark brown shell.

Total length 90-125 pmi toes 20-26 ^m, trophi

30 ^m; male 74 /zm; toes 19 /im.

Ecology: Cosmopolitan between water plants.

Sphagnum. Common in R. Murray (Vk.ibtllahongs

in Spring, Tas. II.0-13.6C, pH 6.2-7,4, 220- WOO
H$ cm 1

, 2.7-120 NTU
Literuture: Bcizins 1982; Koste & Shiel 1987b,

Cephalodetla forficata (Ehrcnbcrg)

Fid 9:4

Notammata forficata Ehrcnberg, 183-2, p. 134.

Cephalodetla forficata: Harring& Myers, 1924, p, 49*).

Fig. 33:7.

Type locality: Bet tin.

Noloiype: Not designated.

Description: Body elongate, slender slightly

compressed laterally; neck well-marked; loriea

plates distinct; sulci narrow, parallel-sided, toe*,

appro* 1/4 body length, widely s-pated at base;

short, stout, taper to acute apices; foot glands large,

piriform; gastric glands large, red-pigmemed in

older individuals; trophi type tt, manubria crooked,

eyespot absent.

Total length 148-263 find! toes 36-5K/an; trophi

16-26 jum.

Ecology Cosmopolitan ui vegetation -of standing

and flowing waters. Rare: N.S.W.^ Qld, Tas.

I6.5-IS.5C, pH 4.S-6.3, 25-100 ,iS cm ',

Literature: Shiel & Koste 1979

Cephalodelia forficub (Dhrettberg)

FICi. 9:5

tJi.stemtnu furficuia bhrenbutg. 1832, p. 139.

CephatodeMa'farficula: Marring, 1913, p. 25.

Type locality: Berlin.

Holotype: Not designated.

Description: Elongate, spindle-shaped body, slight

constriction at neck; integument flexible, without

lorica plates; abdomen tapers to ill defined foot:

toes short, stout, recurved, about 1/5 lotal length;

toes have distinctive transverse spicule row (2-4) on
dorsal median surface which terminates to a largei

.spine; mastax with salivary glands; trophi type D„
manubria dilated distally, but not crooked, with

distinctive oval basal plate; single frontal eyespot;

no rctrocerebral organ.

Ecology: Panconlincntal. 12.0-25.0 3
C:, pH 4.8-6.R,

25-440 ,S enr 1

, TDS 19.7 mg I '. 7.3-25 NTH.
L iterature; Shiel& Koste t979; Koste & Shiel 1987h.

Cephalodetla s,ibba (bhrenberg)

FIG. 9:6

hircutariu gibba Uhrcnberg, 1832. p. 130, fig. 4;16.

Cephalodetla gibba: H curing & Myers, 1924, p. 472.

7}>pe locality: Berlin.

Holotype: Not designated.

Description: Body slightly elongated, compressed
laterally; gibbous rump; lorica turn with disiinc:

plates; sulci widen slightly posteiiorly; toes long,

straight or recurved, slender {ca. 1/3 body length);

mastax very large; trophi type B; rami with

denticulate lamellar combs on Inner ventral

margins; manubria strongly crooked, shaft with

both sides lamellate; no retrocerebral organ; single

frontal eyespot.

Total length 250-450 pm\ toes 67-150 /an; tropin

70-90 ft*m

Ecology: Cosmopolitan in littoral of fresh-brackish

waters, also in branchial chambers of Crustacea.

Eats unicellular algae, flagellates, also carnivorous,

particularly on ciliates, Euryiopic. pancontinental

in Australia, most common representative o( the

genus. Abundant in acid waters in Tasmania.

9.5-23.0 ;C,pH 4.7-7.5. 9.2-700 /iS cm ', I.7-U0
NTU.
Comment: Several forms (evotypes or a species

uimplcx?) are listed in Koste (1978). Harring &
Myers (1924) noted that C. gibba is "somewhat
variable" A distinctive ssp., C. i*ibba microdactyfa

Koeh-Althaus, 1963 (>ig. 10:1) was recorded from
a roadside pool near Scott* Peak Dam, Tas. 18.0'JC
pH 6.4, 122 nS cm '. This appears to be a good
species, however more detailed comparison of the

Tasmanian material with the nominate species* is

required.
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Fig. 10. U Cephaladella xihba microdactyla Koch-AIthaus: (a) dorsal; (b) lateral; (c) trophi, ventral, right manubrium
omitted; (c) tropin, lateral. 2, C. gisfeni Berzins: (a) dorsal; (b> lateral; (e) trophi* ventral; (d) trophi, lateral. 3»

C. gnu-Ms Ehrenbertf; (a) lateral; (b) tropin, ventral; (c) trophi, lateral; id) manubrium, lateral. 4, C. hoodi (Oosse):

(a) lateral; (b) trophi, ventral; (e) lorcipate rami; (d) trophi, lateral; (e) posterior end and toes. 3, C. intuta Myers:
(a) lateral; (b» tropin, ventral; te) trophi, lateral. 1 after Koch-AIthaus (196?); 2 after Berzins (1953); 3 after Wulfert

(1937); 4a, 5 after Hurring & Myers (1924); 4b-e alter Donner (1950). Scale lines: adults 50 jun; trophi 10 tan.
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Literature: Kmrriot J965; Koste 1.978; Kostc & Shic!

1986, 1987b.

Cephalodefla gtsieni Berzins

FIG. 10:2

Ct'phahdeHu ttisleni Bernns^ 1953. p. 4-6, Figs M.

Type locality: Porongorups. W.A.

Hohtype: Not designated,

Description: From Bei /.ins' description of a single

contracted individual . , "Body squat, rounded,

with small bulge in dorsal posierioi part; ventral

margin lightly convex; head very large, almost 1/2

body length, somewhat narrower than body;

dorsally a distinct longitudinal sulcus visible; lateral

sulci indisiinci; cuticle somewhat stiff, enabling

head to be seen; dorsal md lateral boundaries of

plates obscured, noc distinct; animal very hyaline;

foot si out* distal* extending slightly over base of

toes; toes proximal!}' thickened, compressed dnrso-

ventrally, tapering abruptly in distal 1/3 to sharp
points; in dorsoventraJ view [there is) a very peculiar

semicircular deflection of toes; in thiekcritd part

nf toes is relatively large duct; ma&tax large with

two salivary glands; trophi symmetric, intermediate

between type A (manubria) and type IJ (rami);

fulcrum slender [unusually short for genus), slightly

dilated distally; manubria slender, terminally

[slightly] crooked; rami wide, of simple
construction, without iceth . . eyes or lenses not

observed"

Total leugHi (contracted) 85 /itn, body
(contracted) 44 /tm; head width 40 /*m; trophi 20
jim; toes 20 /im; proximal toe thickness 5 pm.
Ecology: No ecological infot maiion other than thar

collections came from small alkaline waters or

"Brackwasser". A single individual closely

lesembling Berzins* description was recorded from
Salt Creek, near Berri, S. Aust. <19.0"C, pH 7.8,

220 ^ cm- 1

, DO 9.2 mg|-\ TDS 132 mgl \ 45
NTU) {Shicl & Koste 1979) and another in Ryan's
I Biliabong at Albury (Shiel unpublished*.

Comment: We regard C. gisleni as a valid species

on the basis of the distinctive trophi, toes, and other

characters described above, despite its description

from a single specimen. This species may be more
widely distributed across southern Ausiralia than

the sparse records indicate.

Cephalodeffa gracilis (Ehrenberg)
FIG. 10:3

Furciilaria gracilis Et\rcnbct9 t IR30. p. 130; 1838. p. 421,

Fife'. 48:6.

CepMarJe/fo gtuciliv Haning.& Myers,. L924. p. 474.

Type locality: Berlin.

hatotype: Not design ittcd.

Description: Short, laterally compressed body,

round posteriorly; lorica thin* flexible, plate*

distinct; sulci narrow, small tail; toes ihort. ca, 1/5

body length, slender, iccurved slightly to acme tips;

foot gland* moderately large, pyriform; mastax
large, trophi (type A) variable (Kostc 1978); fulcrum

curved, manubria distally crooked or funlikc.

denudes may be developed on inside of rami,

pseudoallulae symmetric ot asymmetric;
occasionally a reduced number of nuclei in

vitellarium (4-6); single eyespol may be colourless.

Total length 125-150 am; toes 22-30 /un; trophi

22-27 um; male 65-75
f/jp,

IJcoiogy: Cosmopolitan in fresh, also in athaJlassic

saline waters. Berzins (3982) noted it was
"widespread" in Victoria We have found C. gracilis

only twice; a 1987 collection in Tasmania (shallow

vegetated pool, Miena-DeloTainc road near Golden
Valley), and Sept. 1990 in Ryan* 2 Hitlabong,

Wodonga. Vic l6.0-22.0°C,pH 6.4-6,85. 114-292

/iS cm '.

Literature: Kostc ei at. I9&8.

Cephafodella hoodi (Gussc)

FIG. 10:4

Dittschiza hoodi Hudson & Cos.se, t8*fi, r». 7V, Fig.

Cephalodrtkt hoodi: Hairing & Myers, 1924, p. 482
CephaMeftu rcmanei Wisniewsfci, 1914, p 353, Fig.

59:17-21..

7}pe locality: Loch near Dundee, Scotland.

Holotype: Nor designated,

Description: Fusiform body, gtbt)0U& dorsally;

abdomen unusually elongate, with dorsal plates;

foot small, conical; tail prominent; toes short (1/4

total length

r

? stout, deeurved, tapering to acute tips;

foot glands small, pyi iform; corona oblique, with

prominent beak-like lips (rostrum); trophi type A,
with slender, short, rodlike manubria, curved at end
but not crooked; two pleural rods present; rami

sometimes with *ps6udnalulae\ toothed inner

margin; caudal antennae setae long; retroccrcbral

organ present; eycspoi lar^c, at posterior end pf
cerebral ganglion.

Total length 110-195 ^m; toes 32-47 Utfc trophi

30-38 /<m (fulcrum 16-25 juIS, rami 14 /zrn,

manubria 14-20 ^m, unci 8 ^m); male 110-115 /tm.

Ecology: Cosmopolitan in fresh and inland saline

waters, in beach sand, submerged moss, also in

flowing waters. Rare, Gippstand, Vic and Mt Field

Nai. Park, Tas. 16.0'C, pH 7.4 (Shiel & Tan
unpublished).

Literature; Berzins 1982.

Cephatodella imunt Hairing & Myers
I IG. 10:5

Cephatudelfa intma Hairing &. Mvers, 1924, p 50Ci-s<n,

Fig. 35:2-5.
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Type locality: Loon lake, Vilas County, Wisconsin,

"collected among submerged Sphagnum-"
Holotype: Not designated. ?Myer* collection.

AMNH, N.Y. No, 566 in AMNH is a co-type.

Description: Body moderately elongated; head
Jooger dorsally than vent rally, corona markedly
oblique; lorica rigid, plates distinct, toes long and
slender (1/4 body length), tapering to acute tips with

transverse basal septa; ma;iax large with salivary

glands; trophi type B; fulcrum expanded distally;

manubria crooked; rami ends strongly toothed; rami

with small alulae (easily lost in caustic or bleaching

solution used to clear trophi); gastric glands red to

red-brown; ducted retrocerebral sac present, no
eyespot May be confused with G forficuta* bur has

relatively longer toes (toe:totaI length ratio <4in
G intuta, >4 in C forficata).

Total length 115-225 *tm; Toes 30-60 ^m; trophi

30-40 ,*ni_

Ecology: Cosmopolitan in standing and flowing

fresh waters, in moss and periphyion of submerged
vegetation. Rare, NT, Tas,, Via, 13.0-J8.0, pH
4.7-7.8,42-213 uS cm K
Literature: Kosle 1981; Koste & Shiel 1986.

Cephalodella Undanutya Koste* & Shid
FIG. (1:1

CvpkHlotleUu hndvnjaytf Kcote& Shiel, 1986. tx 95-6,

J%e. 3-4.

Type locality: Slock darn 1 km south of Copping,
Tasmania.

Holotvpe: South Australian Museum (SAM) V4019.

Coll. R. J. Shiel, Ol.xii.1985.

Description: Body short, scout; head broad,

deflcxed; lonca flexible, plates indistinct; toes

relatively long <>l/4 body length), basally

thickened; terminal claws curved with acute tips,

lour distinct spinutes in row inside claw; mastax

large; trophi type B, fulcrum long, narrowest in the

centre, flaring at distal end; manubna unusual,

rcirtiinally crooked, leaf-shaped; rami wit I)

denticulate inner margin behind tips, uncus with

one tooth and basal lamella; foot glands large* club

shaped; eyespot not recorded.

Total length (contracted) 245 ^m; toes 68 #ro

(spinules 4-6 */,m); trophi 43 pm (manubria 38 pvn,

fulcrum 24 ptn, unci 17 /an, rami 14 psn.

Ecology: Endemic Known only from acid stock

dam at Copping, eastern Tas 2I.7 CC > pH <4.0, 80
*S cm J

.

Cephalodella megatocephola (Glasscoti)

FIG 11:2

Furcutaria mcxalaccfjhala trlas&con* 1893, p, 5$. Fig,

4:3.

Cephulodelki me^atocephaia: Harring & Myers 1024,
p. 494,

Type locality: (Ireland),

Holotype: Not designated

Description Body stout, dorsally gibbous; head
very large, ciliary field extremely oblique; apical

field with two large cirri; lorica thin, flexible, plates

indistinct; dorsal median sulcus may have convex
rather than concave connecting integument (Hauer
1921); foot 2-scgmented; toes shun (1/6 total

length), decurved, sharply pointed; trophi of
peculiar type (E): simple rod-shaped fulcrum;

manubria two sigmoid curved slender rods; rami
appear semicircular from above; unci multi-toothed,

rake-like. Sometimes triangular, lamellar, thin cpi-

pharynx distinguishable; no eyespot; retrocerebral

organ transparent.

Total length 195-210 ^m; toes 34-38 /*rn; trophi

30 pm. Larger forms to 325 pm (Donner 1949) may
be eeofypic variants or species complex.

Ecology: Cosmopolitan; mud flats, beaches, sand,

periphyion of fresh water, margins Of flowing water.

Feeds on diatoms and Chlorophyceae. Wentworth
KtIIs, N,S.W«; St Marys, Tas., Ryan* 2 biliabone.

Wodonga, Vic l4-2).O
r'C pH 6.2-6.8. 73-351 $

cm I,

Literature: Berlins 1982; Koste & Shiel 1986,

Cephalodella mtsgurnus Wulfert

FIG. II :3

Cepfialodvlia misgurmis Wulrert, 1937, p 620, Fig, 29

type locality: Single locality not specified.

"I . . . bottom of muddy streams like the Saale arid

Unstrut . . . |.

M
(Germany).

Holotype; Not designated.

Description: Body elongate, widest in posterior

third; head and trunk loricate, three laige and two
smaller plates; neck clearly defined; toes long, ca.

1/3 total length, slightly wider at base, parallel for

much of their length, terminating in acute lips;

mastax small with two small salivary glands; trophi

type C, symmetrical; fulcrum straight , flaring

distally, manubria with straight shafts (no lamellae),

ending distally in a distinctive open ting; unci robust

with quadratic plate on outer half; subcerebrgl

gland present; two frontal eyespot s with crystalline

lens in common capsule.

Total length 165-190 /mi; toes 49-61 jim* tropin

22 pin*

Ecology: Europe, recorded in mud, flowing water,

Single record, Magela Ck, NT.
/ Herat ure: Ko.ste I9HL

Cephalodella mucronata Harring & Myers

FIG. 11:4

Cephalodella mucronaiaHan'm&&Myzrs> 1924, p 51f),

Fig. 36:2-4.
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type locality: Vilas and Oneida Counties,

Wisconsin, "in weedy, soft-water ponds."

Holotype: Not designated. ?Myers collection,

AMNH, NY. No. 252 in AMNH i3 a co-type.

Description: Elongate slender body, with rigid lonca

extending beyond end of foot; longitudinal sulci

deep; foot sheath has triangular ventral point and
dorsal spine, separated by deep, rounded sinus: roes

exceptionally long (ca. body length) slender,

recurved and pointed; mastax typical for genus:

trophi type B; fulcrum long and straight, manubria

slender, distally crooked> rami denticulate on inner

margin; retrocerebral sac present; no eyespot.

Total length 265-275 /*m; ices 120-140 pm; trophi

36 /un.

Ecology: Pa nlropical-pansub tropical warm
stenotherm (20-32°C) in shallow vegetated ponds,

also New Zealand. Eats diatoms, unicellular algae.

Kosie (1978) noted that C mucronata also was

predatory on bdclloid rotifers. Isolated records from
N.S.W., NT., W.A. Widespread iu shallow pools in

Tas., where it appears to occupy a greater thermal

range than elsewhere: 9.0-29.0 l1C pH 3.1-7.6,

IL8-98.3 /*Scm '

Literature: Koste& Shiel 1986.

CephalodeHa nana Mvers
FJG. 12:L

Cvphuttjdefta nurtu liarring &. Myers, 1924. p. 491-2,

Hg. I.

type locality: Corduroy Creeks Absecon,. New
JeTvey. "collection in Sphagnum"
Holotype: Not designated. ? Myers Collect ion,

AMNH, N.Y.

Description: Body short, conical, tapering gradually

from corona to base of toes; head large, ca. 1/2

length or body, and wider than abdomen: loriea

moderately flexible, plates distinct.; toesca. 1/3 body

length, long slender* set wide apart at base with

gentle sigmoid curve, tapering to bi istJe-Likc apices;

foot glands small, pyriform; corona oblique with

prominent beaklike lips; mastax very large; trophi

type A, fulcrum slightly expanded distally;

manubria slender, itigbtly clubbed and recurved

ends but not crooked; salivary glands small;

eyespots at posterior end of ganglion; no
retrocerebral organ.

Total length 105-160 /inn; toes: 15-52 piu; croplu

30-34 am,
tcohgy: In submerged Sphagnum Europe, N,

America; recorded from Clunes, Vic, and Little Pine

Lagoon, Tas. 8.0aC r pH <5.0, 33 <tS cm-'.

LUemture: Berzins 1982; Katie & Shiel 1987b.

Cepltaiodeila panarista Harring & Myers
FIG. 12:2

Cephulodello pmatfffl Harrme A Myer*. IV24,

p. 478-9, Wi% 5-7.

7\fpe locality: Four Mile Run, Washington, DjC
Holotype: Not designated. ?Myers coDcction,

AMNH, N.Y.

Description: Body large, elongate, slender: dorsal

margin curves downwards posteriorly US base of

foot; integument very flexible; plates indistinct: toes

very long (ca. 1/3 total length), stout and recurved,

tapering; to acute tips; occasionally a dorsal

toothlike spine 1/3 of length along toes; foot glands

extremely long, dubbed; mastax large, trophi robust

(Type D); fulcrum long, straight slightly expanded

posteriorly; manubria short, recurved posteriorly

but not crooked; with large basal plate; unci have

typical single tooth; eyespot frontal with front p3rt

of capsule colourless resembling "lens".

Total length 360-375 ,un; toes 102-105 /Atn; trophi

hcotogy: Rare. N. America, S. E. Europe. Billa-

bongs,. Magsla Ck NT., R. Murray N.S.W.

Literature: Kos<e 1978

Cephafadetta parasitica ( Jennings)

FIG. 12:3

Pleurvtrocfw parasitica Jennings, 1900, p. 84, Fig. I6;13.

14.

Cephafadetta parasiika: Harring & Myers, 1924, n, 512.

Type locality; Small pool near Lake St. Clair

I.U.S.A.).

Holotype: Not designated.

Uescriptton: Body rusitoim, curved ahd gibbous

dorsally; head unusually long, tapers from neck to

corona; integument flexible, no sign of fissured

torica; foot shorl and conical; toes ca. 1/6 body
length, slightly decurved to slightly sigmoid,

tapering to acute tips; mastax large with two large

olivary viands: liophi type A, with sharply pointed

unci and rounded, curved rami which have curved

alulae on their outer margins; gastric glands

browoish to black: no eyespot.

Total length 110-200 um; toes 28-35 /«n; trophi

32 mto.

Fig. 11 ), CephutodelUt tindamaya Koste & Shiel: (u) lateral; (b"| ventral; (c) irophi; »;di manubrium. 2, C megaloeephala

(Glai»colt): (a) lateral; (b) iruphi, ventral; (c) troph*. lateral, 3, C mis$urnns Wulfert: (a) dorsal; (b) ventral; (c)

manubrium; (d) fulcrum, lateral; (e) two views of uikus; (f, g) two views ot ramus; fh) trophi, ventral. 4, C. mmronata
Mvcrs: <a) lateral; (h) (rophi, ventral; (c) irophi. lateral 1 alter Koste & Shiel (IVKfi); 2, 4 after Harnng * Myers

(l«4); 3 after Wulfert (1937). Scale lines: adults 50 pm; trophi 10 ^m.
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Fig. 12. 1, Cephaiodelta nana Myers: (a, b) lateral; (c) dorsal; (d) trophi, ventral; (e) tropin, lateral. 2, C. panarista
Myers: (a) lateral; (b) toes, lateral; (c) trophi, ventral; (d) trophi, lateral. 3, C. parasitica Jennings: (a) lateral; (b)
dorsal; (c) trophi, ventral. 4, C sterea (Gosse): (a) lateral; (b) trophi, ventral; (c) views of manubria; (d> trophi,
lateral; (e) uncus, la, 2, 3a, 4a after Harring & Myers (1924); Jb-d after Wulfcrt (1940); 3b Koste orig.; 4b-e after
Wulferi (1937). Scale lines: adult 50 /mi; trophi 10 /tin.
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Ecology: Europe, N. America, occasionally free-

swimming, but more commonly parasitic on
oligochaetes (Owetop.aster, Noist $tyktriat etc).

Single report from Diggers Ck, Mr. Kosciusko. Nc*
seen in our collections.

Cephalodefla sterea (Gos&e)

FIG. 12;4

Furcutariu stereo Gosse, 1SB7, p. S64, Fig. U:8
Cephalodetla sterea: Marring &. Myers, 1924. p. 474.

Tvpe locality Rockery pond in the grounds of
Watcombc Park near Torquay, England.

Hototype: Not designated.

Description; Body fusiform; head large; loriea firm,

ptates well marked; foot large, robust; tail exiertds

beyond distal end of loot; toes short, stout slightly

recurved posteriorly, may have slightly undulate

margins, generally <l/4 body length; loot, glands

large and pyriforrn; mastax large with four small

salivary glands; trophi asymmetric type B;

manubria strongly crooked; unci with variable inner

margin denticulation; rami with three pleural rods;

retrocerebrai sac present; two red frontal cyespofs

in single capsule.

Total length 140-230 pm; toes 26-56 /im; trophi

37-39 ^m.

Ecology; Cosmopolitan, in moss, in mud margins

of standing and flowing waters. Rare; NT., Tas-,

Vic, 12.0-2ZO°C, pH 5.3-6.9, 73-551 *S cm '.

Literature; Koste 1981; Koste ei al. 1988.

Cephalodetla tantiltoides Hauer
FIG. 13:1

Cephuhdeila tantiltoides Haucr, 1935, p. 69. Fig. 9,

Type locality: High Moor pond, Black Forest,

Germany.

Hoiotype: Not designated.

Description- Body squat, vaulted dorsally, abdomen
falls sharply to clearly demarcated foot; plates and
sulci distinct; dorsal sulcus relatively deep; lateral

sulci margin parallel almost to base of toes; toes

long (1/3 body length), parallel sided for 3/4 of
their length, to a distinctly segmented tip, slightly

recurved; toe tips acute; foot glands small, Ups
project from mouth area; trophi type A; fulcrum

dilated distally into a broad plate; rodlike manubria
curve upwards; rami with inner denticles; cerebral

eye present; retrocerebrai sac not recorded.

Total length 104-175 >uu; toes 45-56 ^m; toe

points 14 jam; trophi 34 jtm.

Ecology: Europe, in Sphagnum. Single record.

Bromfleld Swamp, Old. No ecological data given.

Literature: Green 1981; Koste 1978.

Cephalodetla tenuiseta (Burn*

FIG. 13:2

Furculuria tenuixeta Hum, 1890, p, 34, text fig.

Diaschlza tetwiset* DL»jorj-NuKalJ & Freeman 1903,

f< ( I3& Fig. 1:2.

Ccphahdella renuiseta: Har ring A Myers 1924, p. 508.

Type locality: (England).

Hoiotype: Not designaled.

Description. Body elongate, laterally compressed;
head large, short; abdomen unusually long, gibbous

posteriorly; loriea flexible, plates indistinct; foot

short, conical; toes very long (1/2 body length),

slender, .slightly recurved; mastax large, trophi type

D; fulcrum slightly expanded posteriorly, manubria
rodlike not crooked; no eyespot.

Total length 205-314 pfc (Koste) 380-390 (H&M);
toes 59-96 pgj (Koste) 120-125 (H&M); trophi 35-39
jim.

Ecology: N. America, Europe, Rare; Vic, W.A.
16.0°C. pH 7.1. 264 >tS cm K Eats unicellular

green algae and diatoms.

Literature: Bcrans 1953; Koste 1978.

Cephalodetla tinea Wulfert

FIG. 13;3

Cephatodelta tinea Wulfert, 1937, |x 622, rig. 31

7}pe locality: Dram outflow (Bad Lauchstadt)
Germany
Hoiotype: Not designated.

Description: Body elongate, laterally compressed;

abdomen slightly bulbous prior to short tail

extending beyond fool; plates and sulci distinct; toes

relatively short, ea. 1/3 total body length, thickened

at base, with slight medial swellings; mastax with

two large salivary glands; trophi type D; fulcrum
dilated distalfy, broad-bladed proximally (seen

laterally), rodlike viewed apically; manubria with
blunt, slightly enlarged tips; paired eyespots in single

capsule.

Total length 260-280 ,*m; trophi 29-31 juu; toes

52-70 /tm; male 160 pm; subkaneous egg 60 pen.

Ecology: Europe, in drams, decomposing
vegetation, manure pits and piggery outflows. Eats

diatoms. Rare: Vic. (billagong), Tas. (stock dam)
15.0-19.0"G pH 4.9-7.1, 264-273 p& cm \ DO 10.3

mg l"\

Literature: Koste et al 1988.

Cephalodetla ventripes Dtxon-NunaD
FIG. 13:4

Diaschiza ventnpas fMxon-Nnnafl, 1901, p. 25, Fie.
2:1-3.

Cephalodetla ventripes; I Jarring& Myers 1924, p. 484.

Type locality: Knowsley Park, Lancashire, England.

Hototype: Not designated.
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Fiji. 14, Drlfophugti buvephatus Vejdovsky; (a) dorsal; (M
txophi, ventral; (c) trophi, lateral. Alter Koste (l*>78).

Scale lin^s: adult 50 fl®\ trophi 10 patU

Description; Body short, stocky, bulbous dorsally;

abdomen may extend beyond distal end of the fool;

plates and sulci distinct; dorsal sulcus a distinct V-

shaped groove; foot ventral, small; toes short and
stout, decurved, ca. 1/5 total length; corona with

prominent tips; mastax targe; trophi type A;
fulcrum dilated distally; distal ends of manubria
sickle-shaped, not crooked; double cerebral eye.

Total length 135-140 jan; toes 25-28 yam; trophi

30-34 ,un

Ecology'; in littoral periphyton ot most standing

fre&h waters; N. America, Europe. Uncommon in

billabongv of River Murray, N.S.W., Goulburn
River, Vic, aJso dams in northeast Tasmania
13.0-2l.0

r'C pH 4.8-7.1, 18-351 ,tS cm 1
.

Literature: Uerzins 1982; Koste & Shiel 1987b.

Genus Dorystoma Harring & Myers

Dorystoma Harring 3c Myers, 1922, p. 555. Monorypic
genus.

type: Proxies coudata Bilfinger, 1894.

Dorystoma caudata (Bilfinger)

FIG. 15;1

Hroalex caudata Bilfinger, 1894, p. 46, Fig 2:3-4.

Dorystoma caudate: Harring & Mven, 15-22, p. 555.

type locality. Wiirttemberg, Germany.
Holotype: Not designated.

Description: Stout, itloricatc notommatid rotifer;

transparent body, gut may be coloured; corona

oblique, with lateral ciliary tufts ('auricles') for

swimming; constriction separates head and
abdomen; abdomen bulbous, with longitudinal

srriations: foot short, apparently two-jointed; toes

long, pointed, short; at base of foot, bulb above

anus carries short spine; gut yellowish, often filled

with yellow-gold balls; mastax specialized virgale,

with long pharyngeal tube; trophi modified to

support mastax walls; specialized piercing

epipharynx present; manubria with wide crook;

unci absent; single bright red cerebral eyespot,

(sometimes absent); dorsal and lateral antennae in

pits in cuticle, sensillae distinct; subitaneous egg

smooth-shelled.

Total length 130-260 p,W\ toes 16-22 po\ spine

10-22 (to; trophi 18 ^m; pharyngeal tube 22 fim;

subitaneous egg 56 * 44 /*m.

Ecology: Isolated records from periphyton of
submerged plants, esp. Potamngeton, Nuphan also

in Sphagnum. Europe, N and S. America. Eats

algae. Single Australian record: Varnup Swamp,
W.A. l7 bC, !600^Scm '.

Literature' Koste 1978; Kostc et ai 1983.

Genus Drihphaga Vejdov.sky

Drdophaga VejcJovsky, 1883, p. 390.

Tvpe: Drilophaga bucephalus Vejdovsky, 1883,

p. 390, Fig. 1:1-8.

Body slender fusiform; cuticle soft, flexible, with

indistinct annuli; head cylindrical, elongate, with

simple circumapicai ciliation; small tail projects over*

foot; toes minute, conical, ca. 1/20 body length;

foot glands with reservoirs; mastax with two lateral

and one posterior salivary glands; trophi with

Kg. 13. t, Cvphatodelh tantilloides Hauer: (a) lateral; (b) trophi, ventral; (c) trophi, lateral; 2, C. tenuiseta {Burn):

(41 lateral; (b) trophi, ventral; (c) trophi, lateral; 3, C tinea Wulfert: (a) lateral; (b) trophi, ventrat; (c) Iroprii, talent!;

4. C. ventripes Wulfert: Ul) lateral; (h) trophi, ventral; (c) trophi, lateral. 1 after Hauer (1935); 2a. 4a after Harring
it Myers (1924); 2b-c, 3b-c, 4h-c after Wulfert (1937). Scale lines: adult 50 ,*m; trophi 10 #n.
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Fi^. 15. 1, Dorysioma caudata (Hilfingcr): (a) lateral; (b) dorsal; (c) trophi, ventral; (d) trophi, lateral, 2, EntetOpteu
Imusttis Ehrenberg; (a) Uncial: (b) dorsal; (c) irophi, ventral; (d) trophi. lateral; (e) incus, obligue frontal view.
1 after Wulferi (I960); 2 after Harnng & Myers (1924)- Scale lines; adult 50 *tm; irophi 10 ,*m.

anchor-shaped incus; rami curved inwards; unci

short, thick, bidenlate; manubria dislally crooked;

fulcrum long, straight to lightly curved distally;

pleural rods present; gastric glands spherical;

stomach and intestine separate; vilcllarium large;

large retrocerebral sac dorsal to ganglion; eyespots

absent; dorsal and lateral antennae present, latter

projecting from small tubular extensions of

integument.

Two other described species were synonymised

with ZX bucephalus (Fig. 14) Koste (1978), D.

bitcephatus is parasitic on the integument of

otigoehaetes- and leeches (Lumhtieulu$> liyneheltnti.

SJylodriitu.s, Nais, Herpobdella. Hirudo) (Koste

1978).

Total length 110-355 ^m; toes 6-11 jan; trophi

20-32 /Jin (unci 8 //m, manubrium 16 jpH, fulcrum

25 urn); subitaneous egg 50-62 « 35-39 #m.
Comment: The synonymy of D. buvephu/us, D.

defygd Beauehamp yncj D, jw.Ut.yi Harring k Myers

requires re-cxamiuation. Although Koste (1978)

attributed interspecific differences as described and

figured to observational errors or preservation

artefacts, habit differences were noted by the

diflcrcnl authors, i.e., parasitic v. frcc-swimrning

(judayi), also differences in morphology,
particularly trophi.

A single free-swimming animal identified a*

Dritophaga was collected by WK from Ryan's 2

bilUbOng at Wodonga on Sept. 27, 1990, the first

recoid of the genus from the continent, No
obgocbaetes or leeches occurred in the sample. The
living rotifet was filmed on videotape, but the

mastax was lost during clearing, preventing specific

determination. Until further material becomes
available, we can noLe only that Dritophaga occurs

in Australia-

Literature: Beauchamp 1904; Marring & Myers
1922.

Genus Enferop/ea Ehrenberg

Ertteropieu Ehrenberg, 1830, p. 46. Monotypic genus-

Tipe: Enteroptea iacustris bhrenberg
>
1810

Eniewpka lacustris Ehrenberg

PICS. 15:2

Enteroplea Iacustris fchrenberg. 1830, p. 46.

Type locality: Berlin.

Holotype: Not designated.

Description: Body with wide head, saccate

abdomen; foot directed ventrally, three-segmented,

offset from body; toes short, laterally barrel-shaped,

frontally claw-like; corona an oblique disc circled

by ciliary whorl (citcutnapical band and ventral part

of buccal field); dorsal margin of buccal field with

type ofpseudotrochus made of four closely-situated

membranelles, venlxolatcrally, beside mouth wide
tosv of menibranelles stand on 'pedestal'; inner part
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of buccal field unciu'ated; two frontal eyespots on
papillae in forehead* region; mastax resembles

Eospbora, with more pronounced seizing function;

plncer-lilte angled rami can be protruded through

the mouth opening; inner rami margin with single

large tooth, margin finely denticulate before and
behind; unci with one main- and one ancillary

tooth; no basal apophysis, however, small processes

present at insertion point of rami adductor muscle:

fulcrum boardlike; two small ventral salivary

glands; oesophagus long; stomach rounded,

cellular; intestine thin, ropelike. For additional

details of internal morphology, see Koste <1978>.

Total length 500-600 urn; toes 30-35 /tm; trophi

70 pxn (fulcrum 21 /un; rami 56 jrth] unci 35 pn9«

incus width 46 /tm, length 70 /*rn) subitaneoas egg

155-160x110-130 urn; male 306 urn.

Ecology; In shallow pools, ephemera! water*,

Europe, E. Asia, N. and S. America. Reported m
be carnivorous on other rotifers (Rhhio$ierw) in

culture (Pouniot 1%S). Recorded by Coiledge (3914)

from Qld, not found again until Oct. 15-18, 1990.

when individuals were identified from submerged

scales of Ricdovarpus natans, Ryan's 2 billahone.,

Wbdonga (Manuel & Shiel in prep.).

Literature: Colledge 1914.

Genus Eosphora Ehrenbetg, 1830

Eosphotv Ehrenbcrg 1S30, p. 47,

Type totality; Tobolsk, Siberia.

i\'pe: Eosphora ruxjas Ehrenberg, 1830. pp. 47, 84,

Fig. 7:3.

Body plump; head and neck distinguished by

transverse sutures; abdomen sac-like with rounded

or weaVly trilobed tail; foot two-, three* or

unsegmented; two toes with long foot glands;

corona frontal; circurnapica! band interrupted

dorsally; two ciliary bundles laterally; buccal field

tightly or non-ciliated; cerebral eye at posterior end

of brain (absent in E. anthadls); rcttocerebral and
subcerebral glands present, size and shape variable;

mastax three-lobed; unci single toothed, may have

small ancillary teeth; rami with symmetric braces,

occasionally with strong basal apophyses; at bend

of rami teeth on inner margin vary from 1-2 strong

to 4-5 smaller teeth in different species, fulcrum

wide plank or handle-like; salivary glands differ-

between species; five ofw species are known from

Australia.

Key to species of Eosphora recorded from
Australian inland waters

Fool segmented

Foot unsecmented
.2

...A

2(1). Papilla ai base wf toe*.

.

E. najax

Ehrcnbcrc (Fig. lfi:3J

No papilla at base of toes ,E, chrenbergi

Weber (Fig 16;2)

3(1). Obvious cerebri! eye present, 1T . 4

Cerebral eye absent. , E. anthadis

Karring & Myers (Fig. 16:0

4*3), Trophi Fe*gtli <40 pm. E, f/k>«fas

Wolfert fFi£. 17:1)

Trophi length 50 f*rn H. tfioa

Harring & Myer* (Fig 16:4)

Eosphora anthadis Hairing & Myers
FIG. 16:1

Eosphora anthadis Karring & Myers, 1U22, p, (S4I, Fig.

589-13.

Type locality; Not specified ".
, • appears to be

widely distributed,"

Holotvpe: Not designated. ?Myers Coll., AMNH.
NY.
Description- Body broad and. robust. ca. three times

longer than wide; integument soft, body
transpaient; stout abdomen lapers from median line

to base of broad foot; foot wrinkled but not

segmented, toes short, stout (1/20 length), seen

dorsaUy margin almost forms hemisphere; seen

laterally, dorso-ventrally flattened, appear as normal

conical toes; mastax modified virgate; rami

symmetrical with four or five small teeth in median
section on each ramus margin; unci with one tooth,

5-mall subsquare striated plate at base vestiges of

accessory teeth; fulcrum of two plates joined

longitudinally to form V; manubrium a straight rod

slightly expanded a( each end; salivary glands nol

seen; gastric glands large, elongate, cylindrical,

terminating in mucus reservoir at base of foe,

retrocerebral sac and two subcerebral glands

present; no eyespot.

350-410 ^m; toes 16-22 /on; trophi 33-35 j*m

(fulcrum 20 pmt
rami 18 /tm> manubria 22 jim).

Ecology: In acid waters or mildly sakne waters

(Utricvfaria) in Europe, N. America, New Zealand,

Japan.

Single Record: Crackers Swamp, off Brand Hwv,
W.A. 20.0 «C, 800 ;iS cm- 1

.

Uterviurc: Kosfe 1978; Koste et al, 198?

Eosphora ertrtnbergi (Hhnrnberg)

FIG. 16:2

Notommata najas Ehrenberg, 1832, p U2.
Eosptiow ehreHbetsi Weber & Mcwu<i 1VI*, Q, 123.

lype locality; Berlin.

Holotvpe; Not designated

Description: Body broad, rooust, coloured light

brown in fresh specimens; integument firm;

indistinct transverse folds between head/neck and
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Fig. 16. I, Eosphora anthadis Harring & Myers: fa) dorsal; (b) lateral; (c) trophi, ventral; (d) trophi, lateral. 2, E.
etiretther$l Weber: (a) dorsal; (b) lateral; (c) trophi, ventral; (d) trophi, lateral. }, E. ncyas Elirenberg: (a) dorsal;

(b) lateral; (c) trophi, ventral; (d) trophi, lateral. 4, E, thoa Harring & Myers: (a) dorsal, (b) lateral; (c) trophi,

venrral; (d) irophi, lateral. 1, 2 after Hairing. # Myers (1922); 3, 4 after Harring & Myers (1924). Scale line?;: adult
50 #m\ trophi lo^nv

neck/abdomen; abdomen rounded posteriorly with

short tail (two small lateral lobes); foot [OUJ,

cylindrical, two-segmented; roes short, acute,

conical; virgate trophi adapted for seizing prey; rami

approximately triangular, two teeth on each ramus;

fulcrum a broad plate wiih diagonal ventral edge

where abductor muscles attach; unci with large

.subsquare basal plate with strong ventral tooth;

manubrium with .straight central section, expanded

anteriorly into broad triangular plate, two large

salivary glands present; fool glands long, without

mucus reservoir; rctroccrcoral sac and two
subccrebral glands; eyespot large, dark ted, at

posterior end of ganglion; hypophaiyn,* muscle

rudimentary, Male known.

Total length 350-450 /im; toe length 24-30 /mi;

trophi 65 /mi; male 212 /un.

Ecology; Probably cosmopolitan between water

plants in fresh to slightly saline water. Stagfc

unverified record from Victoria.

Literature; Anderson Si Shephard 1892; Koste i978.

Eosphora najas Ehrenhere

FIG. 16:3

Eosphora tiojas Ehrenberg, 1830, Pp 47. 84. rig 7:3.

Type locality; Tobolsk, Siberia.

Holoiype; Not designated.

Description; Body robust, integutneni firm, body
in fresh material light orange in colour. Head and
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neck sutures distinct; abdomen broad and oval; tail

with larger median lobe, two small lateral lobe.*;; foot

indistinctly three-segmented; toes long, straight,

slender; mastax modified virgate (for seizing prey);

/ami triangular in ventral view; left ramus with

single large tooth, right with two teeth; rami with

finely denticulate dorsal extension; unci small,

subsquare basal plate with single clubbed ventral

tooth; manubrium broad, lamellate, anteriorly

tapering to knobbed posterior end; ventral salivary

gland* distinct, right longer than left; retrocerebral

sac and subcerebral gland as in other species;

cyespot at anterior end of ganglion, two
(occasionally four) lateral eyespots in small

projections of corona.

Length 260-610 jon; toes 26-48 /*m; trophi to 80

/im; male to 300 pjxiz subitaneous egg
140-1 50 * 120-130 /i.m; resting egg 130x170 /an; male

egg 100-110x120-130 nm.
Ecology: Cosmopolitan in littoral between water

plants, preys on rotifers including Cohtrettu,

Lepadella, Lecane. Monostykt and bdelloids. Early

records from Vic. and QkL In our material, Gwydir

R. at Moree, N.SW, (24.v_7S), and recently (30. y.90)

in Myriophytlum In a flooded roadside marsh.

Rvans properly, Wodonga, Vic I3.0-22,5"C, pH
5.97-8.0, DO 8.4 mg I '. 60-400 p$ cm"', 160

NTU
Literature: Colledge 1914; Evans 1951; Ko.ite 197S.

Eosphona ifioa Harring & Myers

FIG. 16:4

£o$pftora thoa Harring & Myers, 1924, o. 523, Fin.

39:1-5

type locality; Cemetery Pond, near Eagle River,

Vilas County, Wisconsin.

Hoiotype: Not designated. ?Myers collection.

AMNH, NY,
Description: Body robust, integument flexible*

hyaline; head and neck fixed but suture visible

between neck and abdomen; abdomen tapers to

broad tail; unsegmented conical foot; toes heart

shaped in dorsal view; mastax modified virgate;

fulcrum short and broad; rami elongate with single

blunt tooth on inner edges and posteriorly with ca.

20 denticles; unci with robust clubbed ventral tooth:

small retrocerebral sac and two subcerebral glands;

large eyespot at posterior end of brain.

mm
n

r WlPw
1a

Fig. IT. J, Eosphora (hoides Wulfen; (a) dorsal; (h) lateral, (l) trophi, ventral; (d) trophi, laieral- 2, Eothinia eiongata

tEhrenberg): (a) dorsal
I
(h) trophi, ventral; (c) iruphi. laieral. \ after Wuifert (1935); Scale lines: aduli 50/im; trophi
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Length 300-500 j*m; toes 20-35 pm\ trophi 50 urn

long. 60 ptiu wide.

Ecology; Soft water, N America. TVo records;

Forestdale Lagoon, neai Perth, WA. (Coll. J. van

Alphen, Murdoch University > and Ryans 2

billabong at Wodonga, Vic (Coll. J. De Manuel,

University of Barcelona*. 16.O-24.0°C r pH 6.5-6.7,

263-310 pS on-'.

Eosphora tboktes Wulfert

FIG, 17:1

Eosphora thaides Wulfert, 1935, p »U)0T
Fig. I5a-d.

7}^? locality. Saale River, eastern Germany.
Hototype; Not designated.

Description: Body resembles E. //two as above; lung

cilia from lateral margin of head bid not auricles

perse; neck suture distinct; abdomen tapers to wide

font, its greatest width in anterior third; foot 3-4

segmented by light transverse lines; toes appear

triangular in dorsal view, conical in lateral view;

mastax with lateral salivary glands extends slightly

past neck suture; trophi with long, distally widened

fulcrum: rami triangular in dorsal view; in lateral

view curve downwards at right angle to acute tips;

unci with double-looped framework at free end (Fig.

17:1c); rnanubria slightly asymmetric, with tanlike

iBmellae at base; bifurcate epipharynx above trophi;

foot glands large, right larger than left; mucus
reservoir as large as toe present; retrocerebral sac,

subcerebral glands and eye as in E. thou.

Body length 460-510 (tm; toes 26-35 ^m; Iruphi

37 nm.
Ecology: Europe. Two records: billabong of Mageta
Creek, NX (Kowre 1980, and margin OfL Mulwala,

Vic, (Shiel, unpublished).

Literature Wulfert 1935; Kosle 1981.

Comment: Wulfert noted the resemblance of £
thoides to E. thoa, the former is distinguished by

The lot mot pfcology, more elongate viielUtrium; and
above alt, differences in trophi structure as

described. The animals found in our samples

resemble E. thotdes, however minor differences in

trophi structure were noted. Further material is

necessary for detailed examination.

Genus Eoihinnt Harring & Myers

Eoshinia Harring A Myers, 1922, p. 555.

type: Losphont elungaia Ehrenberg, 1832 =

Eothinia elongate (Ehrenberg, 1832).

Type locality: Berlin

Eothinia was erected by Harring & Myers to

accommodate Eosphora etonguta Ehrenberg, 1832,

the mastax of which differed from Eosphora but

which could nal be included in the related genus

Sphyrias because Of Other morphological
differences,

Body elongate, slender; head and neck clearly

marked by transverse sutures; trunk with

longitudinal lines tapering to tail of variabLe form;

cuticle very transparent; foot short, 2-3 segmented;
two Joes and foot gland; corona slightly oblique,

with ciliated buccal field and marginal wreath of
cilia (reduced dorsally) with two lateral auricle-like

curves of strongly developed cilia, mastax virgate;

trophi with compact, fine denticles on inner margin
of triangular rami; unci generally single-toothed;

no preuncial teeth; fulcrum elongate, distally

dilated; rnanubria rod-shaped with triangular-

section at proximal end; large retrocerebral and
subcerebral glands; cerebral eye and two widely
separated frontal eyes. Eight taxa were i el erred to
the genus by Kostc (1978); one is known from
Australia.

Eothinia etongata (Ehrenberg)

FIG. 17:2

Eosphom ehmxaio Ehrenberg, 1832. p. W0,
Eothinia elongate: Harring & Ntvers 1922, pp. 555,

646-<i48, Fig. 61:1-5.

Type locality: Saalc R.. eastern Germany,
Holotype: Not designated.

Description; Transverse folds indistinct: fool longer,

2-segmented; toes straight with conical tips, about
1/10 total length; corona frontal; trophi wiih

triangular rami; symmetrical; inner edges armed
with uumerous compact denticles; fulcrum of long
straight plates fused in a V-shape; distal end oi
fulcrum finely subdivided; unci single toothed;

rnanubria straight, rod-like; two pleural rods pair

transversely across mastax for support during

pumping action-embedded in mastax walls at dorsal

ends of rami (Fig. 17:2c); eyespots at posterior end
of brain; two accessory eyespots on corona.

Length 350-510 Mm; Iocs 32-45 ,j,m; trophi 56-69
pm; unci 14 pro* male 150-215 /tm; toes I3-/UIK spmy
subitaneous egg 92 m 115 um\ spines to 38 //m long
Ecology; Widespread In littoral between water
plants, fcurope, Asia, N, America. Carnivore ol

othtrr rotifers particularly bdelloids. Known only

from Ryarts billabongs at Wodonga, Vic.

I4.0-22.0"C. pH 6.2-7.1, DO 4.1 mg l\ 73-274
nSem- , 5 NTU,
Literature: Koste 1978; Koste & Shiel 1980,

Genus Itunt Harring & Myers

Intra Harring & Myers, 1928, p. 684.

type; Digterw aurita Ehrenberg, 1830 = tturaauri/a

(Ehrenberg).

l\pe locality; RcrfiiL
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Fij». 18. I, //w/v auritu (Ehrenberg): (a) dorsal; (b) Irophi, ventral; (c) trophi, lateral. 2, /. Btfetxi Wulfert: fa) dorsal;

(b) trophi, ventral. 3. /. v'tridis (Stenroos): (a) dorsal; (b) trophi, ventral. I, 3 alter Harrlng & Myers (1928); 2 after

Wulfert (N3S). Scale lines: adult 50 j/rn; trophi 10 rfJJ,

Body elongate, Fusiform, gibbous posteriorly;

cuticle thin, flexible, body may be green due to

symbiotic zoochlorellae; two dorsal transverse

sueures separate head and neck; corona with

stumpy, nori-retractilc lateral processes; foot and
toes short; one cerebral eye ai end of brain; two
frontal eyes on apical field, the latter sometimes
with speckled pigment flecks; single dorsal antenna;

lateral antennae smalt; retrocerebral sac large;

mastax resembles forcipatc type of Dicranophorus
spp., but rami cannot be extended through mouth;
unci long, with bifurcate tips and knoblike median
swelling; manubrialong rods, proximally with small

lamellae (dorsal and ventral), distally hooked,

crooked or dilated; rami lyrate or forcipate, widely

separated, with dorsally curving tips; tips dilated

distally, toothed; inner rami margins (one or both
sides) with finely striate or smooth lamellae,

sometimes also ou outer margin; alulae, sometimes

asymmetrical, may be present; fulcrum in lateral

view hooked or boardlike, frontal !y rodlike;

Tudimentary epipharynx and oral plate may be

present. Female 180-500 /im. Male known but

undescribed. Three species are known from
Australia.

Key to species of Hum recorded from Australian

inland water*

I. Kanu with Asymmetric lamellae on outer border.

I. aurita (Ehrenberg) (Fig. I8;l)

Rami without lamellary ribs on outer border..

2

2(1). Subcerebral glands verv long /. myersi

Wulfert (Fig. 1 8:2)

Subcerebral glands missing or pootly developed.

. - /. viridis (Stenroos) (Fig. I8:.1)

Itura aurita (Ehrenberg)

FIG. 18:1

Diglena aurita Ehrenberg, 1830. p IS.

Itura aurita: Hairing A Myers 1928, p. 685.

Type locality: Berlin.

Hototype: Not designated,

Inscription: Body elongate, fusiform, may be green

due to symbiotic zoochlorellae; toes short, conical

with obtuse tips; mastax virgate; trophi asymmetric,

robust; rami lyrate, knobbed at tip and bearing 5-6
long teeth; inside left ramus has narrow lamella,

t ight ramus has broad denticulate lamella; alulae

large, acutely pointed; manubria broadly expanded
proximally, abruptly curved distally; gastric glands
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abseur; reiroeerebral sac pre?.eut; cerebral eye and
two Frontal eyespors (with lenses) present

Length 180-220 pm; toes 9-18 ^nv, trophi 18-45

ftm [e*g. fulcrum 20 jun, manubria 30-33 *m, uncus

18 urn).

Ecology: U\ littotal of still and slowly (lowing

waters; Europe, N. America tats euglenoids and
other unicellular algae, Eajly record from Qld. In

our material, rare, only ih Vic. (biltabongs) and Tas.

(siock dams), 13,0-18,0 'C. pH 4.7-7.7,42-3330^5

cm 1

.

literature: Colledge 1914; Koste & Shier 1986.

Itunt mvttni Wulfcrt

FIG- 18:2

Itunt myersi WuJfcrt, 1935, p. 589, Fig. 6*-c

type locality; Near Halle, eastern Germany.

Holotype: Not designated.

Description: Variable lorm, may be broader or

narrower than figured; toes short, tapered; frontal

eyes with lenses; gut sac glassy green, whereas in

other species food balls are brown; long asymmetric

subccrebral glands; trophi robust; rami elliptical in

outline with inwardly curving tips which carry 5-6

teeth; right ramus with broad denticulate lamella

on inner margin, left ramus with narrower finely

denticulate lamella; alulae winglike expansion,

without sharp' points; fulcrum distinctive for

species* very short and wide,

Total length 270-406 >un; toes 21-27 /im;

(Fulcrum 13-16 fin); rami 27-34 ^rn; manubria to

33 >un: unci 22 ^m,
Ecology: Europe* Asia. Eats Euglma, Scenedesmus,

Pediasirum, Tnsckelomonas. Single record from an

EJeocharh bed, Snowdon's BHIabong, Wodonga,
Vic. J4/PC, pH 7.1, DO 4.1 rng I

', 24U>rSenv\
S NTU
Literature: Kos.it 1978; Koste & Shiet 1980.

Itura vtndis (Stemoos)

FIG. 18:3

Eosphora wklte Sieiuoos. 1895. 136; Fit, I 30-32
/tun? viridis; Marring & Myers 1928, p. 692, Fig. 2A:\ 1

Type locality: Lake Nurmijarvi, Finland.

Holotype: Not designated

Description* Variable in form* readily confused with

congeners; duct of retfoeerebral sac much shorter

Hum congeners; rami armed with 12 teeth; right

ramus has broad striate, denticulate lamella, left

ramus not lamellate; alulae laTge, broad, pointed

posteriorly; futcruxn nearly as long as rami; frontal

eyes with large spherical lenses and generally with

accessory pigmentation; characteristic straight,

narrow, sharply pointed toes; zoochlorellac in gut.

Tbtal length 260-400 jmn toes 16-26 pm; trophi

45-48 >im.

Ecology: Littoral, possibly cosmopolitan. Europe,

Asia, N. and S* America. Recorded from Trenthara.

Vic (Coll. I- ), Fowling, Melbourne) and Rapseys

3 stock dam, Wodonga (Coil F. Dunn, MDFRC).
22°C, pH 6.0, 98.1 pS coi*'.

Literature: Koste 1978.

Genus Monommata Baitsch

MonoftiMiitu Bartsvh, 1870, p. 34*.

Type: Vorttcella longisetu Miiller, 1786 =
Monommata tongtseta (Miitler, 1786).

Type locality: Copenhagen.
Body cylindrical or fusiform; suture between

head and abdomen; cuticle thin, firm, laterally and
dorsally with longitudinal striae; foot indistinctly

two-jointed; toes extremely long, almost twice body-

length, right longer than left (with exception of M.
aeqttalts); corona slightly oblique, with marginal
whorl of cilia and lateral auricle-like tufts of longer

cilia for swimming; apical field uuciliaied, buccal

held ciliated; rnastax variable, from simple vkgatc

to intermediate between virgate and forcrpate type;

In formet type (Fig. 19:1b), rami lyrate or triangular

without inner teerh
T
manubria simple rods, unci

with one weak tooth or reduced to thin lamellar

plates (Myers 1930), in intermediate type (Fig.

19:7b), rami lyrale with one or more teeth on inner

margin* manubria broad and lamellar at base, unci

with three unequal long, slender clubbed teeth;

dorsal antennae single or paired on papillae in some
species; lateral antennae normal; cerebral eye at

posterior end of brain (absent in M. caeca).

Variations from generic characters are detailed by
Koste (1978) and summarised in the species

diagnoses below. Eleven species have been recorded

from Australia.

Key to species of Moaommuta recorded from
Australian inland waters

l . Toes of similar length M. aeauatis

Ehrenberg (Fig. 19:2)

Fig. 19. 1, Monommata octtces Myers; lai lateral; (b) trophi. ventral; lei trophi, lateral. 2, M. aeauctis lihrenherg:

(a) lateral; (b) trophi. ventral; (c) trophi, lateral. 3, M, aeschvna Myers: (a) lateral; (b) trophi, ventral; (e) trophi,

lateral. 4, M. orndti Rcmane: (a) lateral; (b) trophi, ventral; fc) trophi, lateral. S, At dentata Wulfert: (a) lateral;

(h) trophi, ventral; (ct trophi, lateral. 6, M diaphora Myers: (at lateral; (b> trophi. ventral; (c) tropin, lateral. 7,

M, $taiuli$ Tessin, (a) lateral; (p) trophi, olMtqtie ironist, ui tiophi, lateral; idi trophi. doraal.^At tcM&sefa (Miiller):

(a) lateral; l.b) trophi, ventral; let liophi. Jaw rah I, 3, 6 8 after Myers (1930); 2 after Myns M937); 4 after Koste

(I972j; 5 after Walter! (1940* Scale lines; adult 50 ^m, Irophi IU urn.
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Toes of dissimilar length ,
...... ... .2 Nat. Park, Tas. 23.0-25.0"C, pH 5.7-*.2, 48 uS

2(1). Stomach with sacs.

,

M viridis cm \ DO 3.7 mg 1 '.

. . L
Mvers <Fi«- 2<XJ> Literature: Donner 1978: Koste ASKiel; Koste <* (t(,

Stomach without saes , 3 «aod

3(2). Dorsal antenna single, - 5 « _. , ,

Dorsal amninae oaued 4
^mmenf i he single dorsal anient was

4<3), Body >200 ^jil; righi:lcft toe ratio <i.2 considered by Wultert (I960) (0 be duubfM; Kostc

At. arndti Remanc (Fig. 19:4) (1978) suggested that paired antennae were

Body <200 jiffig nghtiieft toe ratio >1.2 overlooked by Myers, and that the appearance of

M. actices Myers trig. 19:1) Af. actices is identical with M. arndti Remanc Thr
5{3j. Ramj with teeth on inner margin 8 dimensions given in Koste (1978) are contradictory.

Rami without teeth on inner margin 6 and there are differences in the trophi as figured
6(3). The* <2fl0 ,m. oophi 25-35 ,<m. --•••-• T

by the two authors. Wc retain both taxa here until
Toes >200 ,m; uophi <25 «*^*»ttp

finer resolution of them can be made,
Myers frig. I9:n)

7<ft|. Right lot >I6? /<m; rami lyratc; unci with 5-6 . . .. ...

linear leelh M. phoxa Myerv (Fig. 20:2 j
Monommata aeouaits threnberg

Right ine <I65 ^m; rami triangular; unci single- FIG. 19:2

roorhed At, aesctivtw Myers (Fig. IV:3) ., , , , ,, ^ , n ,,

8(5). R,D
|
«** M b*» gp, paif% ... 9 fcl^fe^Sfflft fi*

"

Rami with I or 2 occasionally unpaired inner '
,v

'
K

margin teeth.. M, detnaiu Wuifert (Fig. 19:5) Type locality; Berlin.

**(*}, Unci wUh nla1e-likc Iccth terminally with finger- Holotype; Not designated.
like extensions. .Af gcandis fettfr (Tig. 19:7) Description Long, slender, hvaline body indistinctly
Una only with long clagger-hke teeth. .

. 10 demarcated from head; single dorsal antenna; rami
HX9). Lnci teeth pa.rvd.

.

..Af w«wtoftj
lacks inner margin leellv: ramv^en laterally, at right

Unci teeth sinfilc. ..^^W^ «B J^ »*^^T^^»
(MullcrWFiE. tc/N)

or Wlth mar8lna ' denticles; fulcrum rodhke;

manubria bilaterally lamellate; subccrebral glands

absent: toes ot equal or similar length; red or yellow-

Monommata actices Myers oranSc vesicles beside intestine,

PI0; ]9-i
Total length 200-227 jwnj toes 110-120 /mi.

Ecology; Rare in vegetated waters, fcurope, S,

Monammuttiactkes Myers. 1930, pp. 394-5. rig* 4-7. America, Early record from Qld. In our Tksmaiiian

type locality: ?tio\ai^m bodies of acid-waters in £
olleclkm* *™™ <***** Lake, Central Plateau

Atlantic County, New Jersey.
9.0-11.0'C. pH 7.tV7.8, 9.0-13.4 MS cm '.

Hoiotype: Not designated. ?Mycrs Coll., AMNH, ^w/i/fer Ifefife 1978; Koste * at. 1988.

NY.
Description; Body slender, cylindrical, tapering to Monomrrutra aeschyna Myers
foot; head clearly separated from trunk by dorsal FlO. 19:3

projections and folds of integument, which h
-striate; single dorsal antenna tubular, retractile,

Monommata aeschyna Myers, rajfi. p. 387, Hg. 24:4~fc

when extended has papillate base; lateral antennae type locality: Cordoy Creek, Atlantic County, New
with two associated round reddish or clear areas in Jersey.

lumbar region; corona oblique, typical; masla-N Holotype: Not designated. ?Myers Coll. > AMNH,
minute, simple virgatc; fulcrum long, rodhke; rami N.V.

slender, lyrate, crooked downward medially; alulae Description: Body elongate, fu.siforrq; head
rodlike; unci with two short teeth; pair of thin demarcated by slight constriction; body tapers

lamellar plates bounded by dorsal pair of unci teeth; gradually to 3-segmented foot from midline; single

oesophagus short; gastric glands round: no dorsal antenna on low papilla; mastax virgatc,

constriction between stomach and intestine; foot small, simple; fulcrum long, straight, slightly dilated

glands, bladder and relroeerebral sac small; eyespol distally; rami triangular, whhoul teeth or denticles;

at posterior end of ganglion; egg spinulate. alulae prominent; manubria simple rods, distally

Body length 150-195 /mi; trophi 22-24 /xm; right curved, with medial blunt tooth-like process
toe 200-210 ^m; left loc 150-170 ,irn; subitaneous dorsally; unci smgle-toothed; gastric glands,
egg 48 .'S8 fim t

spinule* 15 pirn, relroeerebral sac small; eyespol on ventral side of
Ecology: Europe* N. America, in moor pools and ganglion.

lightly acid waiers. Rare, billabong at l&bill|ka, NT,; Body length 130-150 /mi; right toe 1 50-165 /i,m:

Goulbwrn R. billabong at Seymour Vic; Cradle Mt left loe 120- 145 ^m; trophi 25-15 idft
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Distribution: In Sphagnum, melt-water pools,

Europe, N. America. Rare, billabong at Seymour,

Ryans 2 Billabong, Wodonga, Vic. and shallow

pools, western Tas.~ll(k27.0 C, pH 5.4-6.9, 25-292

>*S cm ', TDS 16.2 21.1 mg 1"', 1.1-7.3 NTU.
Literature: Koste 1978.

Monommatu urnJit Rem&nc
FIG, I9;4

Xtonommata arndti Rcmane. 1933, p. 567-68.

Type locality: Moor pool near Kiel. Germany.

Holotype: Not designated.

Description: Resembles M. actices. Paired dorsal

antennae also on retractile papillae, lateral antennae

lubulai; mastax with two paired and one single

salivary gland; retrocerebral sac with distinct paired

excretory ducts present; two tubular suheerebral

glands; gut contents generally yellow-gold; Koste

(J97S) notes that paired red lumbar bodies develop

in response to food intake, ant! possibly are

excretory deposits: ratio of body/toe length changes

during development; subitaneous egg spiny, male

egg smooth-shelled. Male undescribed.

Length 210-500 jim; right toes to 250 ^m; left toe

to 210 pm; subitaneous egg 55x75 >im; male egg

48*40 /un.

Ecology*: Europe Ears phyroflagcllates, e.g. Symmt,

by holding colonics in the corona and sucking ceil

contents. Single record: billabon£ of Goulburn R.

at Alexandra. Vift 20.0°C\ pH "7.2. DO V.I ma I
-1

.

Literature: Kosie 1972; Koste & Shiel 1*80.

Mononwiata detuotit Walter!

FIG. 19:5

Monommaia deniata WuJfert. 1940, rx 578. fig. 22

type locality: Sphagnum pool Birklioister Moot,
between Scharfcnbruck and Neuendorf.

Holotype: Not designated.

Description: Body squat, glassy: ston-ach and

intestine yellow-grey; right toe shorter than budy;

coloured vesicles absent, although mastax
sometimes contains colourless balls/spheres; single

dorsal antenna; trophi structure variable; rami with

paired or single (or missing) teeth on inner margin;

pleural rod present; unci two-toothed; fulcrum

spatuiatedistally, basal apophysis (medial pointed

process on Tulcrum) present; manubria bilaterally

lamellate, not crooked terminally.

Total length to 400 /un; right ioe 115-200 FORI left

toe 89-160 ^m; trophi length 16-22 ^m.

Ecology: Previously known only from Europe.

Described by Koste (1978) as pH tolerant,

eurytherm, otigo-euryhaline. A population clusely

resemblingM dentata was collected from Tasmania

fGolden Valley) in 1V87, with a second record from

Ryans 2 Qillabong, Wodonga sn Qt!t 1990.

J5-23.0°C\ pH 6.2-6.7, 140-310 i/S COT 1
* *0

NTU.
Literature: Koste & Sniet 1987b.

Mortommata diaphura Myers
FIG lfc6

Monommata diaphora Myers, 1930, p 388-9, F»g"» 7-9.

7ype locality: Acid water of the littoral regiu-n ot

ponds and lakes in Atlantic County, New Jersey,

Holotype: Not designated. ? Myers Coll.. AMNH,
N.Y.

Description: Body very long, cydindrical;

characteristic swelling above anterior pa/t of

sromaeh; right toe shorter than body; corona

typical; single dorsal antenna; mastax virgate;

fulcrum without basal apophysis; rami ti (angular

ifi ventral view, laterally right-angled, without teeth

or denticles; alulae prominent: manubria reduced

to .simple rods, crooked terminally, attached to tatni

by thin lamellar plates; unci single toothed; mastax

with two large confluent salivary glands; cyespot

with lens on ventral side of brain ar posterior end;

retrocerebral sac with rudimentary excretory dueL
Body length 225 fim; right tue 260 ^m; left toe

225 jim; trophi 25 #rn.

Ecology: Lit total of weakly acid waters (pH
6,2-6.4), southeast Europe, N. America. Single

record from Rushy Billabong, R. Murray near

Barnawartha, Vic {Shiel unpubL),

Monommata grandia Tessin

FIG. 19:7

Mo^offttfiuto fifumh\ lessln, 1890, p, 151, Pig, VM-12

Type locality: Rostock, eastern Germany.
Holotype: Not designated.

Description: Body elongate, fusiform; single dorsal

antenna on raised prominence; lateral antennae

Usual; characteristic red pigment spots heneath

lateral antennae; foot indistinctly two-jointed;

masrax of intermediate type; fulcrum similar length

to rami; rami with thin lamellae medially; large

basal apophysis; large alulae, inner margins of rami

with 25+ comb-like ventral denticles and two pairs

of four long, slender opposing oral teeth; e3ch

uncus with plate-shaped ventral tooth, ending in

five looth-Iike projections- at lip, and distal rod-like

tooth; manubria crooked disutlly, lamellate

proxtmally; retrocerebral sac small, clearly ducted

to corona surface; no subcetebial glands; mastax

his confluent salivary glands; eyespot ventral at

posterior end of ganglion-

Total length 350-630 >im; body 190-240 /u»; right

toe 210-470 /un; left toe 150-336 mW-
Ecology: Cosmopolitan, rare, generally single finds
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in littoral of standing waters in Europe. Rare, Qld.

Tas., Vic, 16J-27.0°C; pH 4.52-7.2; 25.4-60.0 IS

cm '; TDS 16.2-24,9 mg 1
- 1

; 1-9.4 NTU.
Literature: Koste & Shiel 1980, 1983, 1987b.

Monommata langiseta (Miiller)

FIG: 19:8

Vortkello iongtieta Miiller, 1786, p. 295 t Fig. 42: 9-10.

Monommata iongiseta; Bartsch 1870, p. 344.

Type locality; Copenhagen.

Holotype: Not designated.

Description: Body slender, elongate, with

transparent integument marked with closely spaced

striae; resembles M. dentata, Can be distinguished

by tropbi differences: rami bent at rtghi angle near

mid length, with long slender tooth at angle on each

ramus; right uncus has three long slender teeth, left

uncus two; fulcrum lacks basat apophysis;

manubria broad lamellar proxirnally, distally

rodlike, outward curving; length of toes variable.

Tbtal length 200-250 ^m; body length 86-115 fiH;

right toe 155 pm; left toe 120 fim\ trophi 15-16 /mi.

Ecology9: Cosmopolitan in vegetated waters. Earlier

records from N.S.W., Qld, Vic. In our material a

single record from Scottsdale, Tas. 15.0CC > pH 7.1,

105 /iScm I

.

Comment: This taxon may not be as widely

distributed in Australia (or globally) as the records

suggest, because of confusion with other species by

earlier authors.

Literature: Shiel & Koste 1979; Koste et at. 1988.

Fig. 20. 1, Monommata maculata Marring & Myers; (a) lateral; (b) tropbi, oblique frontal view; (c) trophi, ventral;

"(d) trophi, lateral. 2, M. phoxa Mvers: (a) lateral; (b) trophi, ventral; (c) irophi, lateral. 3. M. viridis Myers: (a)

lateral; (b) trophi, ventral; (c) trophi, lateral. I, 2, after Hairing & Myers (1924); 3 after Koste (J972). Scale hnes;

adult 50 /*m; irophi 10 ftm.



ROTIFHRA FROM AUSTRALIAN INI ANO WA1LKS M
Monommata macu/ata Myers

FIG. 20:1

Monommata grandis Hairing & Myers, 1924, p. 5*8,

Kig. 43; 6-10.

Monommata maculato Myers, 1930, pi 385.

Type locality: Nor specified. "
. - , common in

sveedy ponds . . ,

M
.

Holotvpe: Not designated. ?Mvers Coll. AMNH,
N.Y.

Description: Body slender, elongate; integument

itriared; fool two-segmented; toes variable* but

always unequal; mastax intermediate betvveen

virgate and forcipate; fulcrum Irontally short,

dagger-like, laterally planklike; abnormally large

basal apophysis; inner margin of rami with unique,

complex denticutation - three groups of teeth:

ventral group with 12-14 comb-like teeth; middle

oral group with four large curved, pointed

interlocking teeth; dorsal group with ihree long

needle-like teeth; unci with three long cluhbed teeth:

manubrium terminally crooked with ventral sming
lamella; retrocerebral sac present.

TotaJ length to 680 pW right toe 340-470 ^m; left

toe 270-410 )*.m; trophi 26-34 pan*

Ecology: Europe, Asia, N. and S. America in

vegetated waters. NT., Old, Tas., W.A. 19.0-27.0 C
'C,

pH 5.4-6.9; 25.4-33.5 ^iS cm ' , TDS 16.2-21.4 mg
l', 1.1-2.2 MTU
literature: Koste 1978; Koste et ol. 1988,

:i

MonommatQ vlndis Myers
tr'IG. 20:?

Mo«oHwuvu»iri<lisWiyms 1937, p. 10-11. h* 13, 19,

Type locality: Atlantic County. New Jersey.
w

. . .in

the littoral region among Sphagnum in bodies of
acid waters.'*

Holosype: Not designated. ?Myers Coll., AMNH,
N.Y. Paiaiype: Cat No. 604, AMNH.
Description- Body slender, no constriction behind
head; dorsal antenna double papillose projection;

stomach ends in four blind sacs; gut contents

yellow-green spheres; gastric glands present; mastax
modified virgate; fulcrum short, in lateral view
curved, Lapering; rami slender, lyrate, bent dorsal ly

near mid-length at approximate right angle; dorsal

portion has small tooth on innet margin; unci

reduced to thin lamellar plates, posterior edges
thickened to resemble slightly clubbed teeth;

roanubria curve dorsally, have small digitiform

process near mid length; retrocerebral sac round,
clear, ductless,

Ibtal length 382 tim; body length 166 >irn: right

toe 216 jam; Jeff toe 150 nm; subitaneous egg
65 K 52 f^rn

.

Ecology; Common in Sphagnum. pH 4 5-6.5, N.
America, Europe Single record from dune lakes

area, western Tas, I7.0°C. pH 3.1, S0.6 pS cm '

Literature: Koste 1978; Koste et al 1988.

Monommata phoxa Mvers
FIG. 20:2

Afottommtt/a phoxa Myers, 1930, p *s»5-f\ Itg 26,

8-10.

Type locality: Acid pond near English Creek,

Atlantic County, New Jersey.

Holotypez Not designated. ? Myers Coll. AMNH.
N.Y.

Description: Body long, cylindrical; single minute
dorsal antenna; trophi virgate, with long, distally

spaiubue fulcrum; rami lyrate in ventral view; unci

with 5-6 linear teeth; two rods, run from bases of
teeth to tips of rami, marking limits of two thin

lamellar plates resting on sides of rami; manubria
with median lobulate projection, distally with slight

expansion and outward curve; retrocerebral sac

small.

Body length 150 pm; fight toe 190 ;im; left toe

140 urn; trophi 35 pm.
Ecology: Europe, Asia, N. America, ?Afiica, in acid

moor pools, Tas., Vic. 25.0-27.0°C, pH 5,4-5,8,

25-119
fS cm \ TDS 16.2-^6 3 m* |

l

, 10-2.2
NTU
Literature: Koste H at. 1988.

Genus Noiommala Ennui berg

Notommatu Elueuberg. I830r p. 46.

Type: Vorticelta auriiuMixWsr, 1786 - Notommota
aurita (Mu(ler)

T\'pe locality: Copenhagen.
Body cylindrical, spindle-shaped, sac -like,

conical, or with lateral alae; neck suture evident;

caudal tail usually present; foot shon. often

2-segmented, occasionally indistinctly segmented;

also rudimentary; with and without caudal sensi Use-

always with two toes; cuticle generally soft, often

with longitudinal striae; corona broadly triangular,

displaced venlraily ("Notommata type") (Fig. 21. lb),

in some species extending into pronounced "chin";

auricles generally large, narrowly to widely
separated, retractable; apical field small; mastax
virgute; trophi asymmetric in most species; unci

often with accessory teeth, occasionally also wiih

rudimentary fulcrum, long and plank-likc, straight

or curved; pleural rods, epipharynx and oral plates

may be present; hypopharynx muscle attached to

fulcrum; stomach and intestine separated by weak
cotittttcrion; retrocerebrsl organ generally well-

dcvvloped; protoncphridia visible In head- 4-6 paws
of flame cells; cerebral eyespots present or absent;
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male not known for all species. Fifty-five

Notommata species are listed or described in Kostc

(1978); 12 of these are known from Australia, with

two endemic species described subsequently. These

are keyed below, however we caution that in view

of gross morphological similarities between some
lata, and ready confusion of juveniles of large

species with adults of smaller forms, the key can

be used reliably only with living adults. For

preserved material, and doubtful live material,

iropnt differences as described and figured citable

accurate specific identification.

Key to species of NoUtmmata recorded from

Australian inland waters

1 Cylindrical, fusiform or conical body, without

lateral extensions f;dae> 2

Body with pronount-vtl afcte

- /V. spinatu nov. nout iFig 24:4)

3(1). Rump with projecting digit) form process (Fie.

23.ld) 3

Rump without obvious appendage . 4
3{2|. Body >500>un; trophi >80;mi; caudal proems

with articulated tip, does not reach ba.se- of toes,

K copet4S (Ehrcobere) (Fig. 23;l)

Body <200/*ni; trophi < 30 m">; caudal process

nor articulated, extends past base of IOCS-

,,.. ,N> input Eliietiberg (Fig, 25.1)

•H2V Caudal tail* uioic or leis covering base of foot

, 5

Rump rounded, with no obvious tail 12

5(4). Toci> <10 Mtn; body vermiform; auricles indistinct

N. cotitoria (Stokes) (1-isj. 52)

'loes >10jum, body hisilotm ot glhboui; auricles

dislluct 6
6(5). Toes >35 /im 7

Toee <35 gffl 8

7(fi|. Tbe< 40-42 ;uv\; body <3l0>i.m; tiophi 40 45 pm
N tfftntfta Hairing ik Myers (Fig. 23:3)

Toes 35- ?5 fixe; body 300 800 ^m; trophi > 75 ^m
, i

vV pachyuru (GosseJ (Fig. 24:1)

Sl6'». Trophi <40 >tm; loes 16 20 /im; body < 350 /im

- .. ,M aurira (Mdtlcr) (Fife 21:1)

Ttopln >40 «m; toes 15-35 ;un; body 300 750 jma

-. 9

tfty. MwfcW lar^c, irophi 100 ,*m; body 500-750m
.
V iotfatiy (Ehienbcrg) (rfc 2M)

Masiax waller, tropht < 70 /tin; bodv 300-680 /tin

10

10(9). Tail with median 1obc and two lateral lobes; trophi

45-60 ,<m - . J|

Tail rounded; tiophi 60-70 j*m

K gtyphura Wulfen (t-ig. 23.4)

1I(V), Toes 30-55 ;un; trophi symmetric, unci single-

tool bed /V. pseudocerberus

De Deauchamp (Fig. 24:2)

loev I5-.15 ^m; trophi asymmetric, unci

3-5-roorhcd ../V, eerbew (Gosse) (Fiy. 21:2)

12(4). Toes 20-30 ^m; trophi 30-35 gift, .N. tynopus
Gosse (He 23.2)

To<S <20 i.m, tmnlil <25 /tm J3

13(12). Body 1 6i i- 200 /j.m; toes 8-10
flflfc

tropin 24 ^oi

. N. silphtt (Cossc) (Fig. 24:))

Body <140 pm; toes 12-16 /im, trophi 20 pm
N tyten Ko&ic- et at, (Fig. 25:2)

Notommalo aurila <M tiller)

HG. 21:1

Vorticella auritx Vluller. I7S6, p. 288, Fig- 41:1-3

Notommaw uMtw Ehrenbeig 1830. p 46.

Type locality: Copenhagen.
Hototype; Not designated-

Description; Body short, stocky, integument

transparent, with longitudinal striae; loot

2-segmcmcd, first segment nearly covered by
tongue-shaped caudal projection (''tail"); small

"peg" between toes, auricles short; corona with well-

developed "chin" region; masteix virgate; trophi In

ventral view with left ramus more strongly

developed; fulcrum long and stout, distal end Y-

shaped for attachment of hypopharynx muscle;

rami subsquare in ventral view, bent at right angles

to anterior point; unci plates with single main tooth,

basal plate with 1-2 rudimentary teeth; small

preuncial teeth at tip of right uncus; manubria with

hroad angular anterior plate; triangular oral plate

and thin pleural rods- present; relrocerebral sac large,

spherical, generally opaque; cerebral glands

rudimentary; eyespot large, beneath retroeerebral

sac, only visible laterally-

Total length 250-350 phi; toes 16-20 ^m; trophi

34-36 /im; male ISO ^rn.

Ecology: Cosmopolitan in fresh to brackish water*

abundant in spring and autumn in Palacarctk

waters; preys on bdclloid and other rotifers as well

as algae. Early records from N.S.W., Qld, Vic,,

recently collected (Scpt.-Oa. 1990) in Ryans

BiU&tongS, WcxSong*. I3.0-17.0*C pH 6.K5-4M*2>

274-292 ^S cm '.

Literature; Kovte 1975; Shfcl & Koste 1979.

NotommatQ cerberus (Hudson <& Ciosse)

FIG. 21:2, 3

Coptic wbetvs Hudson Si Gossc, 1886, p, 34. Fig.

16: 3.

Notommata cerberus; Bcauchamp I4KW» p, 401. f\^
1-3.

type locality: Sandhurst Wood, Berkshire.

Hototype: Noi designated.

Description: Body slender; integument flexible;

slight transverse folds between head and neck; tail

rounded, with median lobe and rudimentary later.il

lobes; foot with two joinis, small setose pii in centre

of dorsal side of second joint; toes slender pointed,

1/15 total length; corona extends ca. V* length of

body ventrally; auricle* short, with robust cilia tufts;

mastax virgate; Y-shaped lamellae at base of
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lig. 21 I, NQtowtnotu utnitu (Mullet): (a) dorsal; (b) lateral; (cl irophi, ventral; td| trophi, lateral. 2, N, ccrform
(Gosse): (a) dorsal; (b) patterning of integument, dorsal; (c) trophi, ventral, manubria omitted; (d) fulcrum, lateral;

(c) unci; (0 loot and toes, lateral. ,?, N. cerhvrus tonginus Wutfert: (a) dorsal; (b) trophi, ventral; (c) fulcrum, lateral;

(d) unci; (e) abdomen, foot and toes, dorsal; (f) manubria. 4, Nr collaris Ehrenberg: (a) dorsal; (b) trophi, ventral;

(c) tropin, lateral; (d) unci, I, A afttfl Marring & Myers (1922), 2 after Wulfert (1940), 3 after Wulfert (1961). Scale
lines; adult 50 jdii; uophr 10 pm.

fulcrum to which hypopharyngeal muscles attach;

rami asymmetric, inner edges striate but not

denticulate, outer margin with asymmetric
apophyses and short toothed alulae; tight more
developed than left; pleural rods present; unci plates

with 3-5 teeth; ventral main tooth has small

accessory teeth; four foot glands, one pair laige,

one pair small; retrocerebral sac pyriform reaches

almost to end of mastax; eyespot large, knticular.

Ibtai length 300-600 jim; toes 15-35 /xrn; trophi

46-60 /i.m (46 ^m trophi has 42 ;*m rami; 32 Am
fulcrum; 21jmi unci).

Ecology: Sphagnum, periphyion, waters in northern

hemisphere. Omnivorc, cats rotifers, desmids,

diatoms, flagellates. Early records from N.S.W., Qld,

Vic Recently collected (Sept. 1990) from abillabong

of the Mitta Mitta River at Tallandoon, Vic.

Literature: Evans 1951; Shicl & Kosie 1979.
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Comment: A variant described by Wulieri (1961)

as N. cerberus var. lortginus occurs in eastern

Tasmania. Comparison of the morphological

differences shown in Figs 21:2 and 21:3, panicularly

trophi, suggests that specific status may be

warranted. I90°C, pH RJ, 215 *tS em -1
.

Notommata cotlam Ehrenbctg

FIG. 21:4

Notommata cottons Fhrenberg, i8J2,p. 1 51, Fig. 4:1 i

type loca/ity; Berlin.

Hohfype; Not designated.

Description: Body shorl, stouU integument

*!eathery\ transparent; neck long to accommodate
Large mastax; antcnor sutures well marked;
abdomen bulges to twice anterior width lo rounded

posterior with short broad tail which covers ca, lA
of first of two loot joints, toes shott, conical about

1/30 tola! length; auricle filiation continuous with

corona; corona elongate to form proniinem post-

ora] chin; mastax vitgate, trophi asymmetric, the

largest (in proportion to body) of all Notommata
spp.; fulcrum with V-shaped lamellae for muscle

attachment; right ramus with broad lamellar tooih

with denticulate lamellar margin; left ramus
excavated; unci with three teeth, only ventral tooih

developed; inner unci margin striated; manubria
long and broad with wide thin lamella extending

nearly to posterior end On dorsal margin; pleural

rod* present; foot glands slender; retrocerebral sac

long, pyrifotm; eyespot at posterior end of brain,

length 500-750 nm; toes 25-32 ^m; trophi 100

>iin; male 240 pXft vesting egg 170x215 (±15)/im.

Eeoiogy: Palaearctic, Nearctic, abundant in

dystrophic waters in pcriphyton. Eats Clostenum
and filamentous algae. N.S.W., NT.
Hterature: Shiel A Koste 1979; Kostc 1981.

Notommata contorta (Stokes)

FIG. 22

!>iglt>rui contorta Siok.es, 1897, p. 610, I ig. U:5.
Notommata cootortu: Marring 1913, p 78,

Type locality:
u

. . . shallow clear-water pool in a

rocky wood near Trenton, New Jersey".

Hohtype: Not designated.

Description: Body elongate-subeylindncal,
vermiform, gibbous posteriorly, integument notably

flexible; head rounded, convex, with small hook-

like proboscis beneath which frontal border is

conspicuously emarginate; rump depressed into

cylindrical tail overhanging and almost completely

surrounding short papillate foot; two small conical

divergent toes; buccal field elongate, almost

horizontal, extending \enttally ca. 1/3 body length;

*Vhin* absent; lateral ciliated auricles small, rarely

tig, 22. Notommata contorta (Stokes); (a) dorsal; (b)

lateral; (c) Uopht, ventral; (d) iroptri, lateral. After
Harring &. Myers (1922). Scale tines: adult 50 /*m; trophi

10 urn.

extended; two dorsal and two lateral antennae; small

yellowish-orange cerebral eye; retrocerebral sac with

bactcroids; subcerebral glands short; trophi simple

forcipaie; fulcrum long, dagger-like, with basal

apophysis and terminal hook-like dorsal curve; unci

single-toothed; ramt simple, with strong right-

angled bend.

Total length 206-300 Mm; toes 7-10 //m; buccal

Field 83-86 urn; trophi 17-20 /4m (fulcrum 12 /ten,

manubria 13 /i.m).

Ecology: In acid waters, in periphyton of submerged
plants in pools and lakes. Previously known from
Palearctic and Nearctic (Kostc I97H). First record

from Australia 19 Sept. I990> Ryans I Billabong,
Wodonga, in Azof/a. Subsequently ;ilso found in

nearby Ryans 2 in Ricciocarpus, 20 1
0-22' l

C, pH
6.39-6.57, 114-274 mS cm I

Notommata copeus Ehreuberg
FIGS 2, 23:1

Notorncmttus copeus Ehrenberg, IK34, p, 213.

l\pe locality: Berlin.

Hototype Not designated.

Description: Large species, elongate body, truncate

posteriorly; anterior sutures distinct; tail a lomj

round, conical projection with articulated tip
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Fig, 23. J. Nofommata coptus Ehrenbcrg: ta) dorsal; (b) tropin, venlral; (c) una; (d> foot and toes, dorsal, 2, N.
cyrtopus Gosse: (a) dorsal; (b) lateral; (c) trophi, ventral; (d) trophi, lateral. 3, N, donera Harring <& Myers: (a)

dorsal; (b) lateral; (c) trophi, ventral. 4, N. slvphura Widfert: (a) dorsal; (b) trophi, venlral; (c) unci, la, c, d after

Donnet (1954); lb, 2 after Harring & Myers (1922): 3 after Harring & Myers (1924); 4 uftci Wolfrri (1935) Scale

lines: adult 50 jtm; trophi 10 fan.

segment; foot with two broad segments, with seiose

papilla at distal end of second joint between toes;

toes ca. 1/16 total length, long and slender, slightly

decurved; very long ciliary auricles (seldom

extended) and exceptionally elongated chin; lateral

antennae setae long; mastax virgate, asymmetric,

left side more developed; rami triangular with broad

lamellar tooth on right ramus, socket on left; left

uncus with large ventral tooth and three smaller

teeth; nght ramus with four undeveloped teelh;

manubria and pteura! rods as N. coffan's;

reirocerebral sac and subcerebtal glands present;

eyespot large, at posterior end of brain

Total length 500-1 100 jan; toes 40-65 fim; trophi

80-100 pm; male 280-350 /i.m; toes 36 pm.

Ecology: Cosmopolitan in algal-rich standing

waters, pH 4-6.5, temp. 15-30°C. Eats filamentous

algae (Spyrogira, Zygnema, Mougeoria); swallows

smaller filaments in short pieces. N.S.W.. NT., Qld,

Vic

Literature: Shicl & Koste 1979; Kostc 1981.
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Notommata cyrtopus Hudson Sl Gossc
'

FIG, 23:2

Notommata cvrwpus Hudson & Gosse, 1886, 2: 2i. F*g.

I7;7.

Type locality: Wideombe Pond, Bath.

Hototype; Not designated.

Description: Body stout, integument flexible,

transparent; single obvious iuturc between

neck/abdomen; abdomen rounded posteriorly

without tail; foot 2-segmcnted; toes long (1/7 total

length), curved and tapering; auricles short, dilation

continuous with corona; mastox virgate; trophi

slightly asymmetric; fulcrum stout; rami

approximately triangular in ventral view; inner edge

or right ramus concave, left convex, bolh

denticulate; alulae well-developed; right ramus has

four short curved preuncinal teeth at rips, left has

live; unci with single main tooth and rudimentary

vecond tooth (iwo thin slightly curved pleural rods);

retrocerebral sac, subccrebral glands and eyespol (at

posterior end of brain) present; male known.

Total length 175-250 (tm; toes 22-28 /mi; trophi

30- 35 /tm (manubria 18-23 /itn t fulcrum 18-21 ^m;

rami 12-14 jHTtl) male total (39 /tin: toes 20 «m.

Ecology: Cosmopolitan in periphyton in frftoval of

flowing and standing waters. Single early record

from NSW, and a Sept. 1990 record from Ryans

I Billabonji at Wodonga. Vic,

Literature; fcfl4U: 197&; Slue! & KOSte 1979.

Notommata doneta Harring & Myers

FIG. 23:3

Stoommuta tJotieia tlarhne & Myers, 1924, p. 44S-50>

tfg. 22: 1-4.

Type locality: Starvation lake, Vitas County,

Wisconsin.

Holofype; Nui designated. 7 Myers Coll.. AMNH.
NX
DescrifUtori: Body transparent; prominent lail with

rounded median lobe; foot with two short joints;

toe* ca. 1/6 total length; corona extends to small

chin; ma^tax virgate, Itophi nearly symmetric; rami

broadly triangular in ventral view, armed on inner

margins with e-a 12 minute teeth; fulcrum long,

slender, slightly curved distally; unci with well

developed main tooth and rudimentary second

tooth; left uncus with seven small accessory teeth,

right uncus with six; manubria long, slender, with

small basal plale; pleural rods and two slender

epipharyngeal rods present; retrocerebral and

subccrebral glands large. Distinguished from close

relatives iuurita, cyrtopus) by long, peculiar toes.

Ecology; In Sphognuw, periphyton on submerged

plants. Kutope, N. Amcnca. A notommatid
resembling .V, doneia was collected from a Jiumic

pool adjacent lo L. Strahan, W, Tas J4.0T, pH
5.55.

Notomnutta glyphura WuKen
FIG. 23:4

Notommata Rtyphuro Wulfert, 1935, p. 590, fig. 7a e.

Type locality; pools near Merseburg, Germany.
Hototype; Not designated.

Description: Body with wide, plump abdomen: rail

rounded; head and neck clearly defined; foot

covered by tail (except distal end of terminal

segment); toes straight, tapered to blunt tips; auriclr

of medium size; corona extends vcntrally to form
chin; retrocerebral sac brown to black; subccrebral

glands long, wide; mastas large; trophi asymmetric;

rami with hook-like alulae exceptionally long with

inner margin teeth; unci plates with main and three

secondary teeth on right uncus fused to rectangular

plate; three preuncial teeth in front of main tooth;

manubria dilated distally.

Length 325-500 /*m; toes 20-24 /tm; trophi 60-70

ftfi; male to 280 /mi; retting egg (spin>1

H5xl50/*m.
Ecology: Europe, in fresh to brackish water, in

littoral standing and flowing waters. Eats algar.,

rotifers, scavenges dead microcTustacca. Recorded

from billabongs of the Goulbut n and Murray. Vic.

i3.0-l7,X pC > pH 6.2-7.2, DO K.9 mg 1
'

T 74 ,<S

cm \ 8 NTU, also from Nankeen Billabonj*.

Ma*cla Ck, NX
Literature; Kostv 1978, J98I,

Notommata paebvurv (Hudson & Gone)
PIG. 24:1

Copfiiis pachyurus Hudson & Onsv:, iSKfi: 2, p 31, PB-
16:4.

Nototrtmutu puvhyuna: Uxtriuu l¥U. p. 79.

l\pe locality; pools, Sandhurst. England.

Hototype: Not designated,

Description; Body fusiform, transparent; anterior

sutures distinct; lobulate tail projects over llrsi lout

joint; fool 2-segmcnted with small papilla between

toes; toes long (cu. 1/12 total length), conical;

auricles large, stout; post-oral chin prominent;

niasrax virgate, strongly asymmetric; fulcrum long,

stour. posterior cross section Y-shaped; right ramus
with broad lamellar tooth, left with socket; alulae

large, abu asymmetric; unci with one main and foir

secondary tceih on left, one main and three

secondary on right; two sigmoid pleural rod>:

somewhat quadrangular oral plate present; fool

glands long; retrocerebral sac extremely long, clear:

subccrebral glands small; large eyespot ai poster lot

end ol brain.
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Fig. 24. 1, Nowmmata pachyura (Gosse): (a) dorsal; <b) trophi, ventral; (c) unci; (d) foot and toes, lateral. 2, N
pseudocerherus De Beauehamp: (a) dorsal; (b) trophi, ventral; (c) fulcrum & rami, lateral; (d) foot and toes, lateral;

<e) toes, dorsal. (0 manubrium, 3. N. sifpha (Gosse): (a) dorsal; (b) lateral; (e) trophi, ventral; (d) unci. 4, N. spinata
nom. nov. (a) dorsal; (b) trophi, ventral. 1, 2a, b, d, 3 after Harring & Myers (1922); 2c, e, f after Dormer (1954);
4 after Koste (1981). Scale lines: adult 50 fim; trophi 10 /rro.

Total length 300-800 ^m; toes 35-75 pm; trophi

75-102 fim\ male 300 /xm.

Ecology; Cosmopolitan in aquatic plants of littoral

of pools, floodplain waters etc., in Sphagnum. Eats

desmids, occasionally nematodes and rotifers. Early

records from N.SW., Qld, Vic In our samples, NT.

and Tas. !4.7°C ) pH 6.5, 23.2 ^S cm '.

Literature: Koste 1978; Koste & Shiel 1986.

Notommata pseudoeerberus Beauehamp
FIG. 24;2

Notommata pseudoeerberus Beauehamp, 1908, p. 400.

Type locality; ?France.

Holotype; Not designated.

Description; Body slender, integument leaihery*,

striated; tail has small tonguelike rounded median
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lobe, two lateral lobes; foot two-segmented, toes

conical, slender, ca. 1/12 body length; corona

extends down ventral side for ca. 1/4 body length;

rostrum above mouth, slight chin below; auricles

long, robust; mastax virgate, simple; fulcrum long

slender; rami broad, lamellate, without
denticulation on inner edges; unci with single

slender tooth, 4-5 accessory denticle* on either side;

pleural rods present; salivary glands vestigial;

retrocerebral and subcerebraJ glands large,

Total length 400-680 fim; toes 30-35 /an; trophi

45-56 fim (fulcrum 24-27 /an).

Ecology; Cosmopolitan, rare finds in periphyton of

littoral, standing and flowing waters. Preys on sessile

ciliates. Single record from a stream near Bicheno,

TUs. I9.0*C, pH 6.8, 215 fiS cm ', II NTU
Literature: Koste et al. 1988.

Notommata silpha (Gosse)

FIG. 24:3

Diglena sitpha Gosse, 1887, p. 2, Fig. I;Z

Notommataforcipafa In Hudson & Gossc, 1886: 2, p.

23, Fig. 18:1. [non-/V. forcipata Ehrenberg, 1838).

Notommata sitpha: Harring 19J3, p. 79

Type locality: "... the middle of Ireland".

Hototype: Not designated.

Description; Body elongate, fusiform distally with

annular striae; foot rudimentary; toe apices curved

lightly inwards and ventrally elevated; evertile

ciliated auricles and chin absent; trophi prehensile

without sucking function; fulcrum short, ventrally

stick-like and laterally plank-like; rami bifurcate,

asymmetric (Fig. 24;3c); unci with three large teeth,

nearly symmetrical, clubbed at tips; ventral basal

lamella of manubria with hood-like process;

retrocerebral sac rarely with bacteroids; subcerebral

gland absent.

Tbtal length 160-200 /an; toes 8-10 /an; trophi

24 /an.

Ecology; Isolated records from Nearctic and
Palaearctic in pcriphylon and in dystrophic waters-

Single unconfirmed early record from N.S.W.. Not
seen in our material.

Literature: Kostc 1978; Shiel & Koste 1979.

Notommata spinata nom. nuv.

FIGS 24;4; 25

Notommatapachyura f. thangulata: Kostc 1981. p. 121,

Fig. J6a-e, 18.

non-Copeus triangulutus Kirkman, 1906, p, 264. Fig

12:1-2.

Type locality; Magela Creek, NX, Australia.

Hototype; Not designated.

Description: Body laterally expanded into two

distinct alae so that total width is only slightly less

than total length (in preserved material alae may

Fig. 25. Notommata spinata nom nov., photomicrograph,

exceed body length due to contraction of head and
foot); lateral tips of each ala armed with stout

triangular cusp (possibly retractible; partly

contracted individuals may have alary tips

withdrawn (Fig, 25); no dorsal "hump" (cf.

pachyura): triangular tail commences at level o\

lateralantennae, distal end a blunt point at

beginning of first foot joint; head and neck sutures

distinct; two loot segment; toes conical, long, tapet

to point; corona ventral, "chin" present; lateral

auricles with long swimming cilia; mastax modified

virgate; trophi asymmetric; fulcrum expanded into

fan at distal end, manubria curved posteriorly,

dilated distally; retrocerebral sac long, extending

past neck/abdomen suture; pigmented, subcerebral

glands large, eyespot hemispherical at posterior of

brain.

Total length 600-720 pro; toes 58-60 /*m; trophi

140 /tm (fulcrum 100 /tm; rami 80/60 pin; unci 60/48

/itn; manubria 116/100 ion).

Ecology: Recorded from billabong of Magela CV>
NT. A similar form also occurs in W.A. (C.H.

Fernando pers. comm.)
Literature: Koste 1981.

Comment: Koste's (1981) record of this taxon

included Iijjuics and measurements but no
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Fig. 26. 1, Notommata tripus threnberg: (a) dorsal; (b) lateral; (c) trophi, ventral; (d) unci. 2, N. tyleri Koste & ShieU

(a) dorsal; (b) lateral; tc) trophi, ventral; (d) incus; (e) incus, lateral; (0 manubrium, lateral. 1 after Harring &
Myers (1922); 2 after Koste & Shiel (J986), Scale lines: adult 50 ^m; trophi 10 /an.

description. The above description must be

considered provisional until more material is

available, however its status as a distinct species

rather than a form of AC pachyura is justified on
the basis of the characteristic aiae morphology,

particularly the distal tooth, shorter toes, much
larger trophi and a differences in trophi

morphology, (t differs from the winged taxon

figured by Harring & Myers 1922; Fig. 43: (-4

(Copeus triangulatus * Notommata triungututa

(Kirfcman, 1906).

Notommata tripus Ehrenberg

FIG. 26:1

Notommata tripus Ehrenberg, 1838. p. 434, Fig. 1:4.

T^pe locality: Berlin.

Holotype: Not designated.

Description: Body short, broad; integument rigid,

transparent; head and neck form a single segment,

dorsally humped: single transverse suture distinct;

abdomen rounded posteriorly; projection carries tail

and toes, no true foot present; dorsum has keeled

appearance due to tapering of top half of abdomen
from about 1/3 its length towards tail; rounded tail

has spur-like projection with knobbed base, which
projects about 1/3-1/2 the length of toes; toes

relatively long (1/10 total length), straight, acutely

pointed; auricles short, stout, ciliation continuous

with corona; mas tax virgate, trophi highly

asymmetric; rami roughly triangular; right ramus
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minutely denticulate, letr. ramus with four blunt

teeth; right alula of normal size; left alula hugely
developed; unci teeth 3/3. one main tooth;

manubria broad triangular lamellate pro\imally„

distally slender curved rod$; foot glands target

pyrilbrm; retrocerebral sac almost spherical; cvespot

at posterior end of brain.

Total length 150-200 ^m; toe* 16-20 /*m; trophi

26-JO ^m; caudal process 16-22 fi\\\.

Ecology: Gra*er ol algae and pcriphyton, littoral

vegetation. Europe, N, America. Rare: N.S.W., N.T.,

Tas. Vic, 22.0-24.5°C. pH 5.7-6.-1, 43.5-114 pS
cm* J

.

Literature: Kovte 1978; Koste & Shiel 1936.

Notommata wteri Ko.>tc Shiel & Tan
FIG. 26:2

Natommata tytcri Koste. Shiei ft T*n. I98&, p. 125-6,
Fig. 15.

Type locality: Arthur's Lake, Tasmania, Australia.

Hohtype: SAM V4I10. Collected by R. J. Shiel

22.ix.87.

Description; Very small, stout species; body dilated

dtsialty to rounded rump; indistinctly segmented
tabulate foot with two short, acutely pointed toes;

mastax modified virgale; rami strongly convex on
outer margins, no inner denticulation: fulcrum

straight, spatulate distally; manubria slender,

curved, with distinctive median ringlike

fenestration: foot glands elongate, club-shaped.

Total length 120-139 /»m; toes 12-16 uJn; ii>eus 19

$cm; -subitaneous egg 30-45x50-65 ^m.
Ecology: Endemic. Free-living in Arthurs lake,

Tasmania. 8.0°C, pH 7.7. 17.4 ^S era'
1

,

Genus Pieuroirochit bhrenherg. 1830

Pleuroirocho L'hrenberg 1830, p 46.

type Pfeurotrocha petromyzon Ehrenbere.

type tocolity: Berlin.

Nutommalid rotifers with short, stout illoricate

body; head and neck dearly demarcated; foot long,

cylindrical; toes short, conical; corona slightly

oblique with ciliated circurnapical band and lateral

auricle-like tufts of long cilia for swimming; buccal

field finely cibate; mastax virgatc, trophi simple;

fulcrum long, rod-like; rami curved, triangular, not

denticulate; manubria long with reduced basal

plate; unci with only single looth; hypopharynK
large; r»u retrocerebral organ; eyejepot single

Fourteen species are referred to this genus (Koste

19781. Only P. petromyzon is known from Austraha-

Pieurotrocha petromyzon Ehrenbcrg

FIG, 27:1

Plcurotracha petromyzon Khrenberg, 1830. p 46,

lype locality: Berlin.

Holotype: Not designated.

Description: Body short, stout, abdomen wide!

than head; integument soft, transparent:

constriction between neck and abdomen; abdomen
pyrilorrn, tapers posteriorly to base of foot; no tail;

foot 2-segmented, basal square, distal twice basal

segment length; toes short, conical; foot glands long

with reservoirs; circurnapical band of cilia and two
lateral auricle-like tufts; mastax virgate, trophi

simple; rami triangular with large rounded alulae;

fulcrum very long slender rod, slightly expanded
disfahy; unci triangular plates with one weak ventral

and second rudimentary tooth; manubria slightly

sigmoid with characteristic lobe projecting ventrally

from 1/3 along its length; pleural rods present; no
retrocerebral organ; eyespor minute at posterior end
0^ ganglion.

Total length 220-480 /un: toes 20-26
t
im; iroprv.

30-37 ^m.
Ecology: Mass development after cladoceran

"pulses* or In bacteria or protozoa blooms, in *
wide range of fresh to brackish waters.

Cosmopolitan. Neciophagc - cleans out carapaces

of dead mites and microcrustacea, also eaU sessile

dilates. Rare, N.&W., Tas., Vfa L2.0-26.0°C. DO
10.4, pH 6.4-7.7. 114-3330 ^S cm' 1

.

Literature: Evans 1951; Shiel & Koste 1979; Kostc

& Shiel 1986.

Genus Restiatia H&rring & Myers

He&ticuta Harring fe Myers, 1924, p. 5J8.

"type: Furcuiaria meiandocus CJosse, 1887 =*

Restkufa meiandocus iGossc)

Type locality: Woolston, England.

Very slender,, fusiform illoricate body, tapering

gradually from mid-length to base of toes; two toes

short, with bulbous enlargement at base containing

mucus reservoir; corona frontal or oblique with

marginal wreath of short cilia and two lateral

auricle-like tufts of long swimming cilia; buccal

field ciliated; mastax virgale; fulcrum long, slender;

rami triangular, symmetrical with right-angled

median bend; unci with single well-developed tooth;

epipharynx rudimentary or absent; two salivary

glands; retrocerebral organ a small round ductless

sac; eyespol a loose aggregation of ied pigment

granules in vacuoles of sac.

Seven species are recognized by Koste (19781;

three of them are known from Australia.

Key lo species of Rettticttta recorded from
Australian inland waters

I, Foot from end of abdomen to toa*c of io« lung (ca-

1/4 total kriuih) H. xtrlith

(llarring & Myert) (1%. 27:3)



ROTIFCRA PROM AUSTRALIAN INLAND WATERS t53

Fig. 27. I, P/eurotrocha petromyzon Ehrenbere: (a) dorsal; (b) lateral; (c)trophi, ventral. 2, Resticuta gelidaHarring
& Myers: (a) dorsal; (b) lateral; (c) trophi, ventral, right manubrium omitted; (d) fulcrum, lateral. 3, R. melandocus
(Gosse): (a) dorsal; (b) trophi, lateral; (e) trophi, ventral; (d) different views of ramus; (e) uncus. 4, R. nyssa Hairing
& Myers: (a) dorsal; (h) trophi, ventral; (c) manubrium; (d) fulcrum. 1 after Harring & Myers (1924); 2 after Wulferl
(1935); 3 after Wulfert (1939); 4 after Koch-Althaus (1962). Scale lines: adult 50 ^m; trophi 10 pm.
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Foot short and mdistlncl, less than length of toes

-.-- 2

20.1. Eyespot a mass of red pigment granules

./?, nytsa

Harrutg & Myers it-i^_ 27-4*

No eyespot discernible .£. meknduatx
<Gowc, 1887) <Fig 27:3)

Resticuia $ettdu (Marring & Myers)

FIG. 17.2

I'mphora gelida Marring A Myers, JS>22, p. 642, Fig-,

rV):l-cV

fieuwula p.elido: Hamna & Myers 1924, p. 519,

7>/v locality: Washington DC.
Holotype: Nol designated, ?MyersCoil., AMNH.
N.Y.

Description: Body fusiform; transparent cuticle

with variable folding; abdomen occasionally

conspicuously wide; head clearly defined; lail

rudimentary; foot long (>3* toes), without

segments; toes short (1/20 total length) tapering to

obtuse tips; corona frontal, circumapical band
inierrupred dorsally; mastax modified vhgale (for

.seizing prey); rami broad triangular; intricate

supporting fenestrated framework of slender, round
rods (Fig. 27;2c); fulcrum long and straight,

spaiulate at distal end for attachment nypopharyux
mu-scle; unci reduced to single slender tooth with
three small preuncial teeth on left and two on right;

manubrium slender, curving slightly posteriorly

with ventral Jobe anteriorly and triangular dorsal

lobe; retrocerebral organ small, has pigment
granules, clustered at posterior end of ganglion
where eyespot would be.

Total length 350-600 ^n; toes 18-30 ^m; trophi

45-75 fun (in 45 >/m trophi, fulcrum 26 *un, unci

17 fan; manubria 32 /un); male ISO-200 wm,
Lcotogy: Isolated occurrence in penphyion, still and
slowly flowing water, Europe and Asia. N. America.
Single record, from Yarnup Swamp, W.A. 17,0VC,
1800 ^S cm l

.

Literature: Koste et aL 1983.

Resticuia melandocus (Gosse)

FIG. 27:3

i-urcutana metctndocus Goss>c, 1887, p. 2. pig. 1:4.

ftextieutQ mektndocus; Hairing <fc Myers 1924, p. 5!H.

Type locality: Woolsfon, England (lacustrine),

Nototype: Not designated.

Description: Body transparent, variable shape;

cuticle thin, with longitudinal striae; foot 3-4
segmented; toes variable, bulbed at base; toe poiots

curve inwards; single salivary gland to right of

mastax; unci with single main tooth, left uncus with

two pieuneiat teeth, righi uncus with one; rami

triangular in ventral view, right angle bend at

midpoint toward dorsal surface; two large teeth in

each ramus; manubria nearly straight, dorsal and
ventral extensions are thin lamellae; pleural rods

which support mastax during pumping action

embedded in wall of maslax on each side* under
upper ends of manubria.

Total length 210-320 pKt; toes 25-37 ,un; trophi

34-42 /im.

Ecology: Cosmopolitan in detriius-nch periphyton

Carnivorous on rotifers (particularly bdelloids) in

littoral. Rare. NX, Qld, Tas. Vic 22!o-30.9 GC, pH
3.4-5,4, DO 4.15 mg l

1

, 29.0-59.3 ftS cm'.
Literature: Shiel & Koste 1979; Koste & Shiel 1983,

1986.

Resticuia nyssa Hairing & Myers
FIG. 27:4

Resticuia ttysw Hairing & Myers, 1924. p. 521, tic. 3ft:

1-4.

type locality: Atlantic City, New Jersey.

Hoiotype: Not designated.

Description: Vermiform with longitudinal and
transverse striae, head prolru.sion anteriorly

corresponds to rostrum m other taxa; foot two
joinied, very short, broad; toes short, with bulbous

basal enlargement and claw-like tip; mastax
modified virgale; fulcrum long, spatulate disially;

rami triangular with large asymmetric alulae; basal

apophysis prominent; three or four small teeth at

apex of rami; unci with two teeth each, five

accessory teeth on left uncus only; manubria long

and slender; pleural rods slender, fibril late at ends
and fused to rami; pedal glands small pyrtform;

retrocerebral sac but no subcerebral glands; no true

eyespot, but mass of red pigment granules occupy
portion of sac.

Iota! length 300-630 >im; loes 14-21 ^m; trophi

50-60 /im; male 160 um.
Ecology: Hcriphyton, Purope, Asia, N. America,
Acidophil. Single record: take Garcia, western Tas.

0.2. , .87. 17.0 C. pH 4.3, 98.3 ,,.S crn \ 0.5 Nit,
dark, humic water.

Literature: Koste 1978; Koste er aL 19KS.

Genus Scandium Ehrenberg

Scandium Ehreubcrg 1830, p. 47.

type: THchoda longicauda Md'ller = Scandium
longieaudum (Mi'iller).

Type locality: Copenhagen.
Body cylindrical or fusiform, partially loricate

both dorsally and ventrally; neck behind dorsal

antennae also with stiffened cuticle; foot very long,

three-segmented, not retractable, wjth short

basal-, long distal-segment; complex internal foot

musculature to move very long, straight toes; corona



ROTIFERA FROM AUSTRALIAN INLAND WATERS LM

oblique, with perioral buccal field and narrow
dorsaJly-interrupled clrcuin apical ciliauon; dorsal-

artd lateral antennae small; eyespot and reirocerebra]

organ absent; mastax rounded, trophi virgate; unci

toothed plates, points offset; manubria widened
proximally, hooked distally; fulcrum long, strong,

disially spalulate; rami somewhat triangular with

alulae, long pointed ends of which curve ventral ly;

each ramus with a long pointed tooth arising

ventraUy; epipharynx large, complex, reddish

colouration resembles an eyespot; gastric glands

large, separate stomach and intestine; male
significantly smaller, with much shorter foot and
tofts, cerebral eye present; subitaneous egg hairy,

resting egg spinulaie.

Of the two described species, only S. fongtcaudum
is known from Australia.

Scandium longicaudum (Mullen
PIG. 28:1

Trichoma langic<juda MOIlCf, 1786, p. 216, Fie. 3L8-JO.
Scandium tongicaudum: Ehrcnberg 1830. p. 47,

type ideality: Copenhagen,
Holotype: Not designated.

Description: As lor genus; toes almost as long as

foot; unci lamellar plates with acute offset teeth;

manubria proximally 1'ish-hook* shape, disially

almost right angled.

Total length 360-450 pm* foot iltt-150/im; lues

122-145 /im; trophi 4X /an (fulcrum 30 /mi; rami 15

/mi; manubrium 22 pm\ ramus 16 /an); male 150

/jrn; subitaneous egg 50 /an.

Ecology: Cosmopolitan warm stenotherm, pB
tolerant, swims slowly between macrophytes in

shallow wafers. Pancontinentah common in wide
range of habitats. 8.0-22X. pH 7.2-7.4, DO 9.2-9.6

Mg I ', 60-1600 p$ cm -\ 8 NTU
Comment: Distinguished from Scandium bosljatu

Daems & Duniotu (from Nepal) by larger size

(>360 ;j.m vs <288 /<m) and wide tongue-shaped

articulations of the manubria with the unci vs. a
pointed elongation in Hie Nepalese species. Detailed

analysis of variants reported in the literature is

lacking <Koste 1978), howevei it, is likely that Ihese

represent more than ecotypic variations, ie, a
complex of species is involved.

Genus Taphrocampa Gosse

Taphrocampa Gossc, 1851, p. 199.

Type,- Taphrocampa annulosa Gosse,

Type locality: Leamington, England.

Notominat'td rotileis, cylindrical or fusiform body
with more or less dtstinei transverse plicae; corona
oblique on anterior surface of head, with lateral

ciliated auricle; mastax virgate with asymmetric

trophi; fulcrum, long slender; rami approximately

hemispherical; manubria long, slender with

rudimentary basal plate; unci with 2-3 narrow teelh;

well developed hypopharynx muscle; rami with large

alulae. Two of the four species listed in Koste (1978)

arc known from Australia.

Key let species «f TbpbrncMtnpa recorded (rum
Australian inland Haters

I Body generally <20O ajfl toes <J5 tm
,. . i

.

T annulosa Gosse (Fig. 28:2)

Body >220 ^m; toes >25 pxtx T, selenura

Oosse (Fig. 28:3)

Taphrocamoa annulosa Gosse
FfG. 28;2

Taphrocjampa unnutosa Gosse, 1851, p. 199.

Type locality. Leamington, England.

Holotype: Not designated.

Description: Movement sluggistu creeping, gliding;

body stocky may be thin when extended; three head
"segments"; dorsum of same appeaiance as £
selenura: seen laterally more or less coarsely

seriated; ciliary auricles rarely extended; short,

indistinct, small tooth on inner margin of left ramus
may be present; no basal apophyses.

Total length 130-230 /tin; too 1
1 -15 im\ trophi

25-26 fim,

Ecology Cosmopolitan in detritus rich perrphyton

(littoral). N.S.W.. NT., Qld, Vic.

Literature: Koste 1978, 1981; Shicl & Koste 1979.

Taphrocampa selenura Gosse
FIG. 28:3

Taphrocampa seienam Gos&e, 1S87, p. 1. Kg, 1:1

type locality: England, not specified. Lacustrine.

Holoiype: Not designated.

Description' Body elongate, cylindrical, tapering to

foot; integument 'leathery" Dorsally with

transverse plications usually 10-12; ventral surface

less distinctly plicate; tail separated from abdomen
by transverse groove; toes long, tapering, decurved,

form semicircle (viewed dorsally); lell side oi' trophi

more developed than right; piston muscle attached

to end of fulcrum; left ramus with blunt tooth on
inner edge, lamellar plate behind this, then two large

iceth (Fig. 22:3c), right ramus with eight

rudimentary teeth, left uncus with large ventral

tooth and smaller second tooth; right uncus one
large and two small; manubria have sub-square basal

plates with straight posterior branch and terminal

expansions-

Tola! length 220-290 /cm, toes 25-33 ftfll] trophi

36 un%,
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Fig. 28. i, Scandium longicaudurn (Muller): (a) lateral; (b> trophi, ventral; (c) trophi, lateral; (d) trophi, dorsal; (e)

iwo views of uncus. 2, Taphrocvmpa unnulosa Gosse: (a) dorsal; (b) lateral; (c) trophi, ventral; (d) unci. 3, V selenura

Gosse: (a) dorsal; (b) lateral; (c) trophi, ventral; (d) unci. 1 after Donner (1943); 2, 3 after Harring & Myers (1924).

Scale lines: adult 50 pm. trophi 10 ^m.
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Ecology; Cosmopolitan in detritus rich periphyton

and eutrophic decomposition areas. Rare, N.S.W.,

N.T.

Literviure: Shiel & Koste 1979, Koste 1981.

Genus Roussetetia Harring

Roussetetia Hairing, 1914, p. 393-

Type: Roussetetia comiculata Hairing, 1914 (Fig.

29).

Type locality: Kenilworth, DC, U.S.A.

Small stout itlorieate body; slight constriction

between head and abdomen; tail large, collar-like,

projects over long Foot; foot has dorsal seta, may
be bioken off; two short conical toes on ventral side

or* foot tip; corona terminal with circumapical

dilation; two papillae project from unciliatcd apical

plate; buccal field semicircular, ciliated, with mouth
near ventral edge; mastax disproportionately large

(ca. 0$ body length), of specialized virgate type;

fulcrum spatulatc distally; rami large, domed,
without marginal denticulation; manubria simple

curved rods with ventral spur; unci absent; rod

shaped epipharyn* present; eyespot large, cervical;

retrocerebral sac large, filled with highly refractive

granules; large stomach extending to blind sacs on
either side of mastax; no intestine; gastric glands

small; foot glands club-shaped.

Roussetetia is not positively identified from

Australia. Sudzuki & Timms (1977) listed a rotifer

identified as Russetletia (sic] parroti Russell from

Myall Lake, N.S.W. No description ot figures wcie

provided. If this is the rotifer described by Russell

(1947), it was referred to the genus L'tndtu

(Lindiidae) (see Koste & Shiel 1990b), We regard

the record as incertae sedis, but include the generic

description should the Myall Lake rotifer be

encountered again.
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Note udded in proof

The status of Lindia parrotti Russell (see Koste

&Shiel 1990b; 141) = Russetletiu parrot//(Russell)

in Sudzuki & Timms (1977) was resolved after this

paper was completed. Mr Phil Parr of Levin, N.Z.,

sent us the photograph of Russell's I india parrotti

missing from our copies of the original desci (pilot i.

Mr .Jordi Dc Manuel, University of Barcelona, sent

a copy of the description of RusseUetia Sudzuki

(1959), erected to accommodate L. parrotti

Mrs La-orsri Sanoamuang, Department of
Zoology, University of Canterbury, Chrislchuteh,

collected at the type locality (Lake Victoria) a

population resembling parrotti us figured by

Russell, and checked the type collection of the

Canterbury Museum for Russell's material. We
thank these people for their efforts.

The type material could not be located, but from

trophi analysis and comparative photographs of the

Lake Victoria rotifers, we consider Lindta parrotti

a junior synonym of Proaiidcs tentaculatus De
Beauchamp, J907.
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COASTAL ABORIGINAL SHELL MIDDENS AND THEIR
PALAEOENVIRONMENTAL SIGNIFICANCE, ROBE RANGE, SOUTH

AUSTRALIA

byJohn H. Cann* Patrick DeDekker** <£ Colin V. MuRRAY-WALLACEf

Summary

Two superposed and stratigraphically distinct shell deposits, located at the seaward edge of Robe

Range within Little Dip Conservation Park, southeastern South Australia, are identified as

Aboriginal middens. The lower midden consists of Katelysia shells and megascopic charcoal,

within a terra rossa soil, developed on calcarenite of the Pleistocene Bridgewater Formation.

Radiocarbon dates of 8270± 80yr cal B.P. and 7910+ 140yr cal B.P. were obtained for charcoal and

shell respectively. Amino acid racemisation values confirm an early Holocene age for the Katelysia

shells and also suggest relatively recent exhumation of the midden materials. The upper midden

consists of Turbo shells, flint fragments and finely comminuted charcoal within a Holocene sand

dune. A radiocarbon date of 470+1 60yr cal B.P. was obtained for these shells. Amino acid

racemisation values confirm that the Turbo shells are only slightly older than modern. The midden

features, and their established timeframes, together conform to the constraints of the time-cultural

archaeostratigraphic Early Horizon and Late Horizon of Aboriginal sites in southeastern South

Australia. Accordingly, the middens site is here proposed as a type archaeological locality and type

archaeostratigraphic section for the Luebbers Early Horizon and Late Horizon time-cultural units.

Shells of the older midden were probably derived from an intertidal marine lagoon that occupied the

low lying corridor between the Robe and Woakwine ranges at the culmination of the Holocene

transgression. Alternatively, near the peak of Holocene sea level, a similarly protected sandy

environment may have hosted Katelysia seawards of Robe Range. Shells of the younger midden arc

equivalent to those extant on the rocky shoreface of Robe Range. The established time difference

between the two episodes of human occupation of the site provides a valuable timeframe for

Holocene geomorphic changes within the study area.

KEY WORDS: amino acid racemisation, Australian Aborigine, archaeostratigraphy, Early Horizon,

Late Horizon, Holocene, Pleistocene, Bridgewater Formation, St Kilda Formation, Glanville

Formation, radiocarbon, Mollusca, midden, Robe, Woakwine. South Australia
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coastal aboriginal shell middlns and thfclk palaeoenvikonmlntal
significance, robe range, south Australia

by John H. cann*, Patrick De Deckker** & Colin V. Murray-Wai i wet

Summary

C',\nN, J. H., Or- nr<KKFk, K # Mi>Kft\>-W4M acf, C*. V (1991) CoaMal Ahem^inal shell middens, and
their palaeuenviroruuental significance. Robe Range. South Australia. Trans. /?. Sot: S. Auu. 115(4), 161-175.

29 November, 1991,

TUo superposed and sirAiigraphtcally distinct shell deposits, located ai the seaward cdpc of Rohc Kange

tvjthiti LiUlc Dip Conservation Park, southeastern Sou lit Auslialia. ate idciuified as Aboriginal middens

I lie lower midden consists of Katetysiu shells and megascopic charcoal, within a terra rosxa .soil, developed

*.ui •.a'CKvnitc o' lhe Pleistocene Bridgewaier Foi macron. Radiocarbon dates of M27U i SOyr caJ B.P. and

7910 1 UOyr cal &P. tot* obtained lot charcoal and shell respectively. Amino acid laccnusatiott value* confirm

an early Holocene age for the Ka/elysta shells and also SuflgfiSl relatively recent exhumation of the midden
materials. The uppet midden consists of Turhu shells, flint fragments and finely comminuted charcoal

within a Holocene sand (Stifle, A radiocarbon date of 470 i IftOyi eaJ B.P was obtained for these shells

Amint? acid ucenm&iion values confirm thai the Turbo shells are only slightly older than modern. The

iitiddeO fealme-S and their established timeframes, together conform to the constraints of the hme-euliural

archaeosttatujraphic L'arly Horizon and Late Horizon of Aboriginal sites in southeastern South Australia

Accordingly, the middens site is here proposed as a type archaeological locality and type archaeoslraugiaphic

scciton for the I uebhers Early Horizon and Late Horizon time-cultural units. Shells of the older mtddon

were probably derived from an interiidal marine lagoon that occupied the low lying corridor between the

Kobe and Woakwiue ranges at the culmination of the Holocene transgression. Alternatively, near I he peak

6f Holocene sea level, a similarly protected ;andy environment may have hosted Katflysiu seaward", r.i Robe

Kange. Shells of the younger midden are equivalent to those extant on the toeky shorctaee of Robe Range.

I'heesumlishcd lime difference between! he two episodes of human occupation of the vice provide-- a valuable

liuieftaiiie foi Holocene geoniotplttc changes wiihin the study area.

KfV Worlg: amino acid racemumon, Australian .Aborigine, archaeoMRiligraphy, Early Hotiinn,
I -Off

Hitrtyi»n, Holneene, Pleistocene, Bridgewater formation, St K'tlda Formation, Gfanvil lc I'oi malum.

radiocarbon, Mollusca, midden. Robe Woakwiue, South Australia

fnlrutltietion The Holocene ,sca transgressed the com omental

.... .... shelf and reached present sea level about 7(KX)vr IIP.
rhrs paper n prunanlv concerned mth sediments

Unconsolidated, mostly bioclast.c carbonate sands
and landforms thai resulted hum .he Hulocenc

wen? j rivt;n shnreward
,'
bv lhe persi S(ent high er.erpy

transgression in southeastern South Australia, and ^^ of^ sou1hern ocean- and rcdistribuicd by
with the impact 01 thai uan&grwion on

Ihc wind to form a blanket oftransgrcssive dunes.
populations ol eoaMal Aboriginal people the

Sca watcH1oociaj 1hc ,ow lving corridor bctwccn
mves^aiicn is centred on areas close to the town

lhe |aIe Wcislooei|c Robe anc, WoakvvirJe ranee%
of Knbr and includes the Robe and Woakwtne

, h(JS formmg a ,hdlered coasla , ,3goon . Subsequent
ranees and the low lying mter-dune corndor (rig

COftS£a, sec, imcnIalio^ upwards shoaling of ,aaoon
IV This area is part of the Robc-Naraeoot tc coaxal ^Xxnm^ a||d comimied uplift ol the coastal plain
plain, which provides « unique record of

has tran ,rormed the lacoon ro a verier of shallow
Quaternary sea level changes. Successive high stands \^^
of sea level resulted in the construction of \ ' „, - . ^ ,A ,. ^t -/-. • A ,... . . . . ... Late Pleistocene populations of AbDngtndJ
heacn/dune barrier complexes on a stendi v i ., ,- . r , .,

... . A . . . -, l

1t . ... - people presumably lived on Iraeis oT coastal land
uplifting coastal plain. The rcult . a series o faw gj are now inun^ated ^ rhe Holncene ,ea . Such
all.lutlc ranges approxnnatcly parallel to each

opulaTlonSi adapled lo a ealhcrcr c.;nnornv ,„ a
Qthrx, and UJ the present awsthne, and generally ^w^ W0((]d ,, ave

~

mwt ,d |;)nUvvard , wjlh
mcreayng in age landwards.

|he Holocene tfan5fiiession. Thus, the oldest sites

of Aboriginal occupation along the coast are

* School ol Pure and Applied Sciences, University of contemporary with the peak of Holocene sea level

South Australia (Salisbury Campus), Smith Road, and contain the remains of molluscaii fauna
Salisbury Last, S. Aum- ?I09. harvested from lhe inler-rangc lagoon. Younger sites

+* Department of Geology, Australian National
t
,nr,

t
,.: n , n „in r^mftlluri* ...hi^h fovaur » rncVv

bnivermy. OV.O Dos 4. Canberra, Af.f, 3601.
^onta.n snetis ot molluscs wnicn taxour a rocvy

I
I>epartmetit uf Geology, Llniversity of Newcastle. DPeri P«M shoretace.

Rankin fxive, Newcavtlt, N.S.VV. 2M)H. The palaeocnvironmental Mgnilicaucc of these
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COASTAL ABORIGINAL SHELL MIDDENS M
middens is evaluated here within a timeframe of

raduuarbon and amino acid raevmisation (AAR)
dales obtained from shells and charcoal.

PfttiOUS Investigations

COASTAL AnORIGVNAl OCCUPATION IN
SOUTHEASTERN SOUTH AUSTRALIA
A mounting body of archaeological evidence

suggests thai aboriginal populations were
established in southern Australia between 40.000

and .WXJOyr BR (e.g. Allen W89; Cosgrove 1989).

From approximately 45,000 and 30\000yr B.P. in

southern Auslialia sea level* fluctuated between -30

to -22m (Cann tv a). 198S, in press), During the last

glaciation sea levels were some 330 io 150rn beiuw
prevent mean .\ca level (Chappell 1983; Ctiappell &
Shackiclon 1986), while the ensuing transgression

reached present sea level 7000 to 6000yr ER It has

been calculated thar Hntocene .sea levels rose as

rapidly as 1.5 to 2.4 cm/yr fWoodroffe ef ui 1986;

Uelneuo in press). This rise in sea level and I he

associated environmental changes are likely to have

significantly affected drosc Aboriginal populations,

with hunter/gatherer economies, reliant on coastal

resources. It has been argued by some that this- most

rccenl and extreme rise in sea level would have

forced all populations on the now submerged

continental shelf* to retreat inland (Ross 3985). It

is clear thai the earliest dares that can be expected

for emergent sites or coastal aboriginal occupation

in southeastern South Australia will approximate

to the peak of the Holoccne transgression.

The most comprehensive work detailing early

Aboriginal sites in the southeast is that of Luebbers

11978)'. The significance of this largely

unpublished study can be gauged by the extent to

which it has been cited by oiher researchers (e.g.

Preiiy et ai 1983; Ros* 1985; Head 1986; Godfrey
19*8, I9S9; Eoloff etjrf 1989; Bowman A Murray-

Wallace 1990). Luebbers (1978) established a
chronology foi Aboriginal occupation in the

southeast, identifying two discrete episodes of
occupation which he termed Early Horizon and
Late Horizon. The term 'horizon*, in this context,

is used in a time-cultural sense rather than in

reference to Ihe physical materials of the sites.

Abofigioal middens ol the barly Hon/on occur

In terra tossa soil* developed on exposed surfaces

of laic Pleistocene dunes, such as the Robe Ran*e.

Luebbers, R. A. (1978) Meah and menu*: a uudv in

prehistoric coastal ^itlemerus in South Australia. Ph.CX

thesis \ N.U. <l'aubcrra T unpublished.

Luebbers (1978)
1 described material from two such

middens, one from Cape Martin and another from
Bcvtlaqua Cliffs, about 5km southeast of Cape
Biiffon (Fi£. I). The Cape Martin site contained
shells of Kotelyskt and Myiihi-i, charcoal and flint

took Charcoal yielded a radiocarbon date which

Luebbers considered questionable. The other site

contained 'a small number of nondescript tools'

together with shells of Hebidtmax and charcoal,

Dates of 8250 1 60 and 63S0 + lflOyr a P. were
reported for charcoal and shell respectively.

Tor Ihesc sites and another inland, Luebbers

0978) 1 remained unsatisfied with ihe stratigraphic

control and believed it was possible that younger
overlying materiaJ, pcrhap.s from a more recent

occupation, had been incorporated into the lower

terra Tossa soil. Thus, no specific site was designated

as an archaeological type locality far his Early

Horizon.
Late Horizon Mies occur in unconsolidated sand

and in places, such as at Bevllaqua Cliffs, may
strati^iaphically overiie an Early Horizon site;

Luebbers (I97S)' subdivided his Late Horizon into

an Barly Phase and a Late Phase, Middens of the
Early Phase range in age from 5S00to BOOyr B.P.,

contain small numbers of tools and ^rnonospeci fie

deposits of PlebtiJonax or Bmchidontes* Middens
of the Late Phase are younger than I300yr B.P,,

contain numerous flint implements and shells of
Turbo (= Subninetla) and other gastropods extant

on southern Australian rocky foreshores

Recent work by Egloff et rW. (1989) in

southeastern South Australia has revealed &hond<wt
Turbo shells in middens, dated by radiocarbon OIJ

charcoal, as old as 2560- 120 and 3O6O+2;?0yr B.P.

These dales call into question the Luebbers (197H) 1

subdivision of the Late Hori/on time-culiutal unit

on the basis of the types of shells preserved in

coastal middens.

GEOLOGIC AND GEONfORPHIC
FRAMEWORK
The landscape ol southeastern South Australia

is characterised by a series of low altitude ranges,

sub-parallel to each other and to the present

coastline. Between Naracooite and Robe thirteen

geoinorphically distinct ranges can be identified on
the otherwise gently seawards sloping coastal plain

(Sprigg 1952; Schwenel 1VX3). The region has
undergone steady regional uplift of about
ii.07mm/yr throughout the late Pleistocene

(Schwebcl H>&3; Belper io in press)- In general terms,

the ranges are geornorphie features associated with

paloeoshoretines and ihey increase in age away from

l*ifi, I. Map ol study area and mrroundinp region indicating location* of site* and features- referred to In lesi
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Robe towards Naiacoorte. The geological origin of

these features has been attributed to Quaternarv sea

level changes (e.g. Tindale 1933; Sprigg 1952; Cook

U ai 1977; Schwcbel 1978s
, 1933; Belperio in

press), The ranges were termed 'stranded coastal

dunes' by Sprigg (1952), though he recognised that

at least some ranges had been constructed during

several episodes oi marine transgression and that

they incorporated sediments of beach, dune and

lagoonal palaeocnvironments.

Sediments composing the ranges are

predominantly aeolian bioetastie calcarenites with

some seaward horizons of shelly limestones in which

the fossil molluscs can be associated with roeVy

foreshore sedimentation. This complex ot

Pleistocene sediments has been termed the

Bndgewater Foimation (Boutakoff 1963). Between

ihe ranges closest io the present coastline, sediments

are lagoonal and lacustrine bioclastic to muddy
limestones. Fossil molluscs in the lagoonal

sediments indicate clearly a variety of shallow

subtidal and intertidal palacoenvirorirocnts,

In the work reported here, the coastal Robe

Range, the adjacent Woakwine Range, and the

lagoonal sediments confined by these two features,

provide an important geomorphic and
palaeoenviron mental framework (Fig- 1).

'' Scbwebel, D. A. (1978) Quaternary stratigraphy of the

south east of South Australia. Ph.D. thesis. Flinders

University Adelaide, unpublished

Woakwine Range

The internal structure of Woakwine Range has

been exposed in the Drain I. and Woakwinc
cuttings, excavations through the range to effect

drainage ol wet lands to the northeast. These

cuttings reveal a complex Quaternary stratigraphy

which resulted fronJ perhaps as many as five

separate stauds of high sea level. The deposits ol

each high sea level arc separated by conglomerates,

soils, calcrctcs and strong carbonate cementation

(Schwcbel 1983). Basal transgrcssivc sediments in

the Woakwine cutting consist of shelly and pebbly

horizons that include Hint cobbles, up to 10cm
diameter, derived from the underlying Tertiary

Gambier Limestone. These are overlain in turn bv

seaward dipping subtidal sands, beach sediments

and landward dipping sands of ihe transgrcssivc

dune faeies (Belperio in press).

In the Oram L cutting Sprigg (1952) observed that

several exposed planes of marine erosion were

immediately overlain by sediments containing *a

typical reef fauna' fossil assemblage (Fig. 2). Blocks

of excavated shelly limestone, corresponding to this

faeies, can be observed today on the roadside

overlooking this cutting. Significant faunat

components are fossils of ubalone and Turbo (Fig.

.1), species which are characteristic of modern rock>

foreshores. Sprigg (1952) deduced that the dune
sediments had been substantially lithified during

subaerial exposure, thus they had remained as a

coherent gcomorphic feature and provided a rocky

KATELYS1A IN HOLOCENE
ST KtLDA FORMATION

ABALONE TURBO

it} ROCKY SHOREFACE
FACIES OF PLEISTOCENE
BRIDGEWATER FORMATION

AEOLIAN FACIES OF
BRIDGEWATER FORMATION

ROBE RANGE

rMOLOCENE
I DUNE SAW

ANAJ3AHA tN PLEISTOCENE
GlANVILLE FORMATION

n r

TERTIARY GAMBIER LIMESTONE

Flic. 2. Diagrammatic section through Woakwine Range (after Sprigg 1952) HIum rating '.tratigraprm distribution ot

diuinclive fossil molluscs. Uoth Anadaru and Xatetvsra are characteristic of lagoon lanes sediments.
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Fig. 3 Fossil gaSTTOpoda vvirliin ruck;, SnOttface faciei of
the Bridgewatcr Formation, Oram L culling, Woakwine
Range: A. Turbo shell B. Abalone shell.

substrate following marine inundation. On this

basis' he was able to recognise three episodes of

marine regression followed by transgression in the

conslruclion of the Woakwine Range.

Fossils of the bivalve Amulara (ruprztu occur in

some of the lagoonal sediments onlappmg the

landward side of Woakwine Range (Fig. 2) This

species is characteristic of ihe laie Pleistocene

Glanville Formation (Cann 1978; Murray-Wallace

et at, 1988a) and similiar marine sediments of earlier

Pleistocene age (Murrav-Wallace et ai 1988b).

Robe Range
Robe Range is the youngest of the emergent

stranded coastal dunes, Within the study area it

outcrops as an erosioiial rocky shoreline with

numerous irregular slacks and islands in which

ncolian bedding structures are clearly evident (Fig,

4). Basal sediments of this range rest

unconlbrmably on tertiary Gambier Limestone

KM5rn below present sea level and there are no
horizons of fossihferous rocky foreshore fades such

as were recognised in the Woakwine complex

(Sprigg 1952).

Schwebel (1983) identified three stages of

development for Robe Range. The late Pleistocene

constructional stages were equated with oxygen

isotope sub-stages 5c and 5a. Equivalenl marine

sediments were deposited in Spencer Gulf at sea

level maxima of -8m and -14m respectively (Hails

et at, 1984). The most recent deposition has resulted

from the Holocene transgression, during which

Ihere was extensive build up of dune sands over the

older components of ihe Robe Range. These
Holocene sands remain essentially unlithifted.

Iv ter-range sedimentat ion

Despite the steady regional uplift, maximum sea

level of the Holocene transgression was sufficient

to flood the low lying corridor between the Robe
and Woakwine ranges. Numerous road cuttings and

other shallow excavations reveal a wealth of

Holocene fossil molluscs characteristic of relatively

protected (lagoonal) shallow subtidal and intertidal

marine environments (Fig. 5). The floor of Fake
Robe (Fig, 1 ), for example* is littered with the shells

of oysters, scallops and cockles, particularly the

intertidal Katetysia. These richly lossiliferous

Holocene sediments belong to the St Kilda

Foimation, In the sense of Cann & Gosrin (1985).

Present Investigation

The work reported here centres on the Little Dip
Conservation Park southeast of Robe (Fig. 1). Ihe

area includes coastal exposures of the late

Pleistocene Robe Range (Fig. 4) and Flolocene shell

beJ> deposited in the low lying areas between Ihe

Robe and Woakwine rynges. These features are to

a large extent covered by transgressive Holocene

sand dunes, some of which are fixed by modern
vegetation, while others are little vegetated and
subject to present day erosion. The gastropod TUtbo
is extant on the rocky foreshore and its shells are

easily collected at the waters edge (F*g. 6).

The Aims of Ihe invesligalion are three fold:

I) to evaluate critically the cultural-ehrono-

siratjgraphic concept adopted by Luebbers

(1978)' within a framework Of
chronologic, palaeontologic and
geomorphic investigation;

2. to propose a Lype section for the Early

Horizon and Late Horizon cutural sites;

3. to document the palaenenvironmental

significance of the type area.
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Fig. 4. F.rosional rocky shoreface of Robe Range at Lililc Dip (Location A, Fig. I).

Observations and Methods

ABORIGINAL MIDDENS
At the study site (Fig. I, location A) a poorly

vegetated coastal dune immediately overlooks the

foreshore. The seaward side of this dune has been

subjected to wind deflation and a lag deposit of

abundant shells and opercula of Turbo, together

with numerous fragments of flint, litters and surface

(Figs 7A, B). Some opercula are chipped or

fractured and are more numerous in some areas

than others, as if selectively sorted. Above the lag

deposit there are numerous conspicuous Turbo

shells in a greyish, poorly consolidated horizon of

the dune (Figs 7A, C). The shell and flint appear

to have been derived from this layer which, on field

evidence, is interpreted as an Aboriginal midden

belonging to the Late Phase of the Late Horizon

as defined by Luebbers (1978)'. Shell from this

midden was taken for radiocarbon and amino acid

racemisation dating.

On the landward side of the dune the Holocene

sand sharply overlies a well consolidated red-brown

terra rossa soil developed on the Bridgewatcr

Formation of the Robe Range (Fig. 8A). Embedded
within this paJaeosol are numerous shells of the

bivalve Katelysia and fragments of charcoal (Figs

8B, C; 9A ? B). Although no flint fragments were

observed, a human origin is also proposed for this

material. This assertion is based on the following

observations.

a. The shells are disarticulated, lack any preferred

orientation and many are severely broken. It is

difficult to imagine a natural sedimentary

environment that would cause such fracturing of

shells, but had they been naturally transported

under conditions of high wave or current energy,

the shells would have been deposited predominantly

convex upwards and tightly imbricated and also

show signs of attrition. Such a fabric can be seen

in some of the Holocene shell beds between Robe
and Woakwine ranees (Fig. 5B). Where shells have-

not been actively transported their valves usually

remain more or less paired (Fig. 5C).

b. Characteristic 'drill* holes, inflicted by predatoiy

gastropods, were not observed in any of the exposed

Fig. 5. Fossil molluscs o\' Holocene St Kilda Formation between Robe and Woakwine Ranges: A. Oyster shells on
the floor of Lake Robe. B. Predominantly shells of Katelysia, disarticulated and convex upwards, signifying moderate
energy transportation; small roadside excavation, Princes Highway. C. Predominantly shells of Katelysia, mostly

articulated, signifying little or no transportation. An iniertidal environment of deposition is inferred. (Location

B, Fig. 1 ). D. Katelysia showing the characteristic "drill" hole inflicted by predatory gastropods. {Location B, Fig. 1).
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Fig. 6. Shells of Turbo, extant on the Rocky foreshore of
Robe Range at Little Dip. (Location A, Fig. 1).

Katelysia valves, yet within the nearby Holocene
shelly sediments such valves with 'drill' holes are

numerous (Fig, 5D). Clearly some form of selective

process has operated to eliminate bivalves affected

by this type of predation. Selection also seems to

have favoured larger individuals,

c. Sand enclosed by paired Katelysia valves from
the Holocene lagoonal sediments was
microscopically examined and found to contain

species of Foraminifera also known from intertidal

sandflats of Gulf St Vincent (Cann & Gostin 1985).

Species included Elphidium crispum, E.

macelliforme and Miiiolinella labiosa. Gill et ai

Fig. 7. A. Lag deposit of Tiirbo shells and flint fragments apparently derived from stratum indicated by arrow. This
deposit is interpreted as a Late Horizon Aboriginal midden. (Location A, Fig. 1). B, Flint fragments from the lag

deposit. C. Turbo shells within the stratum indicated by the arrow in A.
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<iyyj),uscd the abundance of Poraminifera in a shell

(kCRD&il at Warrnamhool to show thai ir was a

natural estuarine deposit and not of human origin

Mieioscoptc examination of the terra rossa matrix*

enclosing the Katelysia shells revealed no
Foraminifera within the deposit under presenl

discussion.

d. Slratigraphtc elevation of the Katelysia deposit

at the crest of Robe Range makes natural

sedimentation implausible if these shells. are to be
correlated with those undisputedly deposited in the

Holocene lagoon between Robe and Woakwine
ranges. It is also possible thai Kaieiysia could have
occupied relatively sheltered intertidal seaward
environments (hat probably existed immediately

prior to the culmination of the Holocene
transgression, a suggestion favoured by Luebbers
fpers. comrn Wl).

(Although there is abundant charcoal, both
within and surrounding (he shell deposit, and
unambiguously embedded within the terra rossa

soil, there arc no clear signs of localisation that

might be easily interpreted as camp fires. Thus, for

litis site, (he presence of charcoal does not
ncccssai il\. In itself, constitute evidence of human
occupation).

Thus the deposit is interpreted as an Aboriginal

midden belonging to the Early Horizon as defined
by Luebbers < 1978)', Shell and charcoal Worn this

midden were taken lor radiocarbon assessment.

Additional shell was taken for amino acid

racemisalion dating. Paired Kateiyua valves from
the nearest accessible deposil of Holocene lagnonal

sediments (Fig. I, location B), were taken for

comparative AAR dating.

DAI INC. METHODS: RADIOCARBON
DATING
Charcoal and Katefysia shell were carefully

removed from the teria rossa matrix of the Late

Horizon midden and packed in clean plastic bags.

Similarly, hirha shells were taken from the Early

Horizon midden (Fig. 1, location A). These
materials were forwarded to the radiocarbon
laboratories of 1 he Australian National University

and the Univcrsriy of Sydney for radiocarbon
dating. Conventional radiocarbon dating followed

the methods of Gupta & Polach (1985).

DATING METHODS: AMINO ACID
RACEMJSATION ANALYSES
The following, materials were collected for AAR

analysis for the purpose of age determination:

a disarticulated shells of Kutetysia rhyiipkora and
A. Mxlarina from the Early Horizon midden (Fig.

1. location A),

b. articulated shells ofC scotoma from Holocene
lagoon sediments ( = St Kilda Formarion) within

the Robe-Woakwine corridor (Fig, 1, location B);

c. articulated shells of A*, scahrtna from late

Pleistocene lagoon sediments (= Glanvsllc

Formation) on the landward side of the Woakwine
Range, exposed in a small quarry adjacent to

Princes Highway;

d. shells of Turbo sp. from the Late Horizon
midden, and from the immediately adjacent

modem shorefacc sediments (Fig, U location A),

AAR analyses were undertaken on all the

collected shell materials. Data obtained from the

Kafetysta shells of the Early Horizon midden were

compared and contrasted with the extent of
racemisation in specimens obtained from the

Holocene and late Pleistocene lagoon sediments.

As the nature of racemisation kinetics in I'brbospp.

shells is not well documented, the significance of
AAR analysis of shells from the Late Horizon
midden was assessed with reference to data derived

from radiocarbon dating of an adjacent midden
shell and AAR analysis c\^ modern specimens.

Amino acid analyses were for the lotal acid

hydrolysatc*. complex peptide mixture of varying

molecular weights, and followed the method?
outlined by lumber & Griffien (1^87). Analyses of

the Npentalluoropropionyl D, L-amino acid

2-propylesters were undertaken using a 25m fused

silica Chirasil-L-VaJ capillary column and Hewlett

Packard model 5890A gas chromatograph with a

ilanie ionisanon detector and helium earner gas,

The integrity of the analytical procedures
undertaken using the AAR technique was evaluated

by analysing international interlaboratory

comparison samples of WehrruUer (J984a). Results

were within two standard deviations of the stand
mean of the international comparison.

The hinge region of each Katelysia shell was
analysed as the highest concentration ot icsidual

protein occurs within this region. The Lolunu-Ha wa*
analysed in the Turbo specimens. In excess of 20$
by weight for each shell was analysed by AAR to

reduce variability which may potentially arise when
analysing small fragments (Wehmiller 1984b).

Amino acid D/L tatios were compared with

calendnc radiocarbon ages (cal BP), converted
from marine reservoir corrected radiocarbon years

<BP.: Libby half-life) according to the methods
outlined by Gillespie & Polach (1979) aud Sttrfvei

e/ at, (1986) (Table I).

Results

RADIOCARBON DATES
Charcoal from the Early Horizon midden (lab.

eode ANU-744S) yielded a radiocarbon age o(
827O±80yr cal B.P Kateiysia shell, also from the
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2cm
Fig.

l

i. Selected valve from Ihc Early Horizon midden
showing (A) internal and (B) external features ot

Katelysia.

older midden (lab, code SUA- 2613). was determined

to have a marine reservoir corrected age of

7910+ I40yr cal B.P. Turbo shell from the overlying

Late Horizon midden (lab. code ANU 7447) had
a radiocarbon age, again corrected for the marine
reservoir effect, of 470* I60yr cal B.P.

AMINO ACID RACEMISATION ANALYSES
The relative extent and degree of racemi<-alion for

the different amino aeides in Katelysia spp. and
Jitrbo spp. is in accord with oilier radiocarbon

dated Holocene fossils in southern Australia (for

example* Murray-Wallace et al. 1988c; Murray-
Wallace & Bourman 1990) and the theoretically

predicted differential rates of amino acid

racemisation (Table I),

The similarity in extent of racemisation of amino
acids In Katelysia scalartna obtained from lugoonal

sediments and molluscs from the Early Horizon
midden points to a common age given the

assumption that they have experienced equivalent

diagenetic temperature histories. The validity of this

assumption is strengthened by the close proximity
of these two sites. The location of the lagoonal

facics close to the feather edge ot the Holoecnc
transgrcssivc sediments, which have elsewhere been

dated at approximately 7000yr BP, also points to

a common age for these two sites.

A calibrated radiocarbon age of 7910+ 140yr cal

BP. was obtained on Katelysia from the Early

Horizon midden (Table 1). These data are

significant, for they document Aboriginal coastal

occupation during an early transgressivc phase of

(he post glacial Holocene marine transgression. To
evaluate the amino acid data of the Early Horizon
midden, these results arc compared with a sequence
of similar age at -Smoky Bay, Eyre Peninsula

(Table I). A z-score. according to the methods of
Gupta & Polach (1985), indicates that these iwo
calibrated radiocarbon dates arc* not significantly

different at the $% level (/-score of 1,55), Although
contemporary mean annual temperatures (CM AT)
between these two sites differ by approximately

2 J L, it is unlikely that thediagenetic temperature

differences will be detected for the Holocene record

In contrast, such temperature differences are

significant for last inrerglacial fossils (for example,

Murray-Wallace et al |99i).

The similarity in extent of racemisation for the

radiocarbon calibrated Holocene Katelysia from
Smoky Bay indicates that the Katelysia shells of the

Early Horizon midden were buried for a significant

portion of their diagenetic temperature history Had
the shells been subaet ially exposed for much of their

diagenetic history, the extent of racemisation of
amino acids would be significantly higher (compare
Murray-Wallace m al. J98Sc). The suggestion.
independently based on AAR data, that the Early
Horizon midden had been buried, then exhumed,
is consistent with the geomorphic evidence of the
site, that is, recent dune deflation, This clearly

represents a novel application of AAR in the

recognition of exhumed sequences.

The lower extent of AAR in Turbo sp. from the
Late Horizon midden, than in Kutehsia -pp. from
the Early Horizon midden, is consistent with a
younger age, as independently determined by
radiocarbon dating. However, as this is the first

Fig, 8 A
(Location

Early Horizon Aboiiginal midden within terra rossa pataeosnl cm Rridgcwater Formation, Robe Range.
n A, Fig. I), a. Karstitied rocky outcrop of Bridp.ewater Formation, h. Katelysia shclK Of the Laity Horizon

midden, c. Terra rossa palaeosol. d. Holocene sand dune which includes the Late Horizon Titrbo midden (Fig
6). Note the sharp contact between this and the underlying terra rossa palaeosol, B, Detail of Katelysia shells within
the midden. Note that shell* are disarticulated, lack preferred orientation and none shows signs of gastropod nredatiou
C. Detail of part of rhe midden in which charcoal, indicated by arrow, is embedded in the leria m**S palaeosol
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Table 1. Extent of amino acid racetnisation (total acid hydrolysate') in late Quaternary Moilusca from the south

east of South Australia.

Location/
description

Depth of

burial (m)

Species CMAT+
(°C)

Age PB*
& [lab code] VAL

Amino acid D/L ratio#

LEU ASP PHE GLU

Robe Beach surface Turbo spp. 14.7 modern 0.02
±
0.001

0.02
1 0.004

— 0.03
± 0.005

0.04
±0.01

Robe midden
(Late Horizon)

surface

(exhumed)
Turbo spp. 14.7 (840 + 80)

470+160
[ANU-7447]

0.04
±
0.002

0.07
±
0.01

0.18 0.12
± 0.002

0.09
±0.01

Robe midden
(Early Horizon)

surface

(exhumed)
Katelysia spp. 14.7 (7480 + 70)

7910 + 140

[SUA-2613]

0.05
±

0.01

• 0.09
f
0.03

0.28

±0.01
0.22

±0.02
0.11

±0.01

Robe/Holocene
lagoon fades

1 Katelysia

scalarina

14.7 — 0.06
±
0.02

0.08
±0.02

0.32
±0.01

0.16

±0.04
0.12

±0.01

Woakwine Range/
Back barrier

>1 Katelysia

scalarina

14.7 last interglacial

125 000
0.20

±
0.02

0.35
±0.01

0.54
±0.06

— 0.31

±0.03

lagoon fades

Smokey Bay, Eyre
Peninsula/coastal

sediments'

1.82

1.88-

Katelysia

rhytiphora

16.9 (6940 + 170)

7410 + 290
[CS-450]

0.08
±
0.02

0.16
±0.02

0.23 — 0.10
± 0.004

CM.AT. — Contemporary mean annual temperature (atmospheric).

Conventional radiocarbon age indicated in parentheses with associated error term (15). Marine reservoir corrected

sidereal ages without parentheses with 25 error term. See text for discussion on marine reservoir correction and

calibration of radiocarbon ages to sidereal years.

amino acids: VAL — valine; LEU — leucine; ASP — aspartic acid; PHE — phenylalanine and GLU — glutamic

acid. Error terms indicate analytical precision and intershell amino acid D/L ratio variation (15).

data of Murray-Wallace et al. (1988c).

AAR analysis on Turbo spp. from southern

Australia, it is not possible to evaluate critically the

relation of the kinetics of racemisation in Turbo to

the moderate racemisation rates that are

characteristic of Katelysia. It is likely that

racemisation rates vary between bivalves and

gastropods, as noted by Miller & Brigham-Grette

(1989). However, the small difference in extent of

racemisation of amino acids between Turbo, of the

Late Horizon midden, and Katelysia, of the Early

Horizon midden, may also point to a history of

subaerial exposure for the former.

The extent of amino acid racemisation in

Katelysia scalarina from the back barrier lagoon

facies of the Woakwine Range barrier complex is

consistent with other last interglacial Moilusca

(Murray-Wallace et al 1988a) and is in accord with

a temperature-geographic latitude kinetic model for

last interglacial shell taxa in southern Australia

(Murray-Wallace et al 1991).

These data assist in constraining the time

framework for the Aboriginal coastal occupation

of southern Australia.

Discussion and Conclusions

THE ARCHAEOLOGICAL SITE: A TYPE
LOCALITY
The sharp stratigraphic boundary between the

Katelysia bearing terra rossa palaeosol of the

Bridgewater Formation and the overlying Turbo

bearing Holocene dune sand is clearly shown in Fig.

7. the palaeosol is well consolidated and has not

been contaminated by younger overlying sediment,

shells or artifacts.

The two sets of midden materials, as described

in this paper, undoubtedly conform to those

specified by Luebbers (1978) 1 for his Early

Horizon and Late Horizon of aboriginal

occupation of southeastern South Australia.

Equally, the age determinations of both shells and

charcoal, particularly the close agreement of MC
and AAR dates, meet the constraints of time

applied to this time-cultural classification.

Given that the site meets these tight stratigraphic,

archaeological and time constraints, and given that

it is located within the boundaries of a National

Conservation Park, it is here confidently proposed
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as a type locality and t^pe section Tor rhe 'imc-

mhiintl Barly Hori/on and Lare MftlfKOti <»t

UietAea <I97H>'.

OTHER ARCHAEOLOGICAI SITES AND
POSSIBLE REFERENCE LOCALITIES

Jt Is likely that future investigations will reveal

LUhfr sites ihai will equal!) illustrate, or futher

clarify, the Lucbbers (1978* chronology, If

appropriate, such silc* should he designated aa
reference localities and reference sections.

In this context, middens within Discovery Bay
Coastal Park near Cape Bridgewater in

southwestern Victoria seem worthy of further study.

Godfrey (1989) differentiated middens in this area

into two episodes of occupation, though did not
uve the Lucbbers (1978)' tcrminokigy.

The older middens, S490-3S60yr ap, are in terra

rossa .soils nl the Bridgovalcr Formation and
contain mussel shells of a species no lunger extant

along the present shone. The younger middens are

in unconsolidated sand and contain shells ol

species, such as Ttwbo, which inhabit the present

shoreline, together with numerous flini fragment*.

Dates of ]O50-360yr RP, were reported oy Godfrey
<1989> for these younger sites.

Environmental history of the sfndy area

The following is an account of the interaction of
physical and biological processes, from cJ25.000yr

Rl*. to lare Holocene, leading to the evolution and
early human exploitation of rhe study environment.

At I25,000yr B.P., oxygen isotope sub-stage 5c»

Auuthern Australian sea level was slightly higher

than at present. Various estimates place global sea

levels at ^4 to -6m, bur distribution of late

Pleistocene Mambrnv formation i-Glanville

Formation) in northern Spencer Cut!" suggests thai

rhe te sea level was only . Im (Hails et \li 1984).

At this lime, the seaward side of Woakwtne Range
formed a rocky coastline and the shorefaec was
inhabited by molluscs favouring such a substrate

in a high energy wave regime. Abalonc, limpets and
Turbo were significant launal elemenu. Seawater

flooded areas landwards of Woakwine Range
forming a coastal lagoon, the sheltered waters of
which were extensively colonised by molluscs such

as Kaielysict and Anadara.

Following marine recession during oxygen
isotope sub-stage 5d, at lOS.OOOyr li.P., sub-stage

5c, marine transgression brought palaco sea level

to -8nH Halls etel |S»K4; Bctrvwu in press). Robe
Range stage III sediments accumulated as

unconsolidated beach and dune sands fSchvvebcl

1983).

During isotope sub-stage 5b. the sea receded

allowing Subaciial diagencsts and at least partial

lithlfleaoon ol Hie carbonate rich sands of the stage

ill sediments. Protective calcrcics developed on
exposed surfaces

At BO.OOOyr B.P, isotope suh->i:tge 5a, marine
transgression brought sea level to -I4in (Hails W
af 1984; Kelperio in press!. Robe Range stage II

sediments were deposited at this time. Sea level was
not sufficiently high to erode the earlier formed
Stage III sedimt-ms, which were mantled by the dune
facie* of the stage II transgression.

Following this peak ol sea level, the ocean again
regressed across the continental shelf and for the

remainder of Pleistocene time the shoreline

remained seawards ot Robe Range. The carbonate
sands thus underwent futher extensive diagenesi*-

and consolidation,

Between 45.000 and 3GJtHXf$r KB* oxygen isotope

slage 3, there were fluctuations of sea le»*:l berween

-30m and -22in (Cannes al. l^XiS, in preset, hut

these were Insufficient to influence Robe Ratine.

AIao, by JO.OOOyr RR the base of the range had
undergone about 5m ol tectonic uplift, hither

compounding the impact of the regression, Parly
humans may have first appeared in southeastern
Australia at this time.

From 10,000 to IS.OOOyr RP., during oxygen
isoiope stage 2, the last glacial regression lowered

sea level to - 130m iChappell &. Shackleton 198A).

Aboriginal populations occupied the emergent
continental shelf and in coastal areas probably
exploited a variety of sea food resources.

At IH/KXryr R P. sea level began to rise, sometimes
as rapidly as 2.4cm /yr, totally submerging the

continental shelf hy 7>000yr B.P. (Belpene. in prcs^ ).

Unconsolidated sands were driven she-rewards by

the rising seas, mantling seaward outcrops of Robe
Range stage H and, where exposed, stage 111. Sea
water Hooded the low I > 1 n g. corridor between Robe
and Woaksvine ranges, providing sheltered shallow

subtidal and intenidal environments in which
mollusc populations thrived Aboriginal people
occupied Robe Range, open ocean to one side and
sheltered lagoon to the other. At the Mudy site they

exploited the interndal cockle Kateh'.yfa Elsewhere;

for example at ncvilaqua Cliffs to the southeast,

ocean beach cockles, Piehidonax, were the prime
food source.

Bioctastic sedimentation within the shallow RObe-

Woakwine marine lagoon was Tapid. Sedimentary
sections reveal upward shading sequences of
subndal ovsters overlain byintertidal Kuw/ysiu and
Anapeihi. Shoaling was further facilitated hy

tectonic uplift of about 0.5m from the nine ol

stabilisation of Holocene sea level to prevent.

Meanwhile, on the seaward side of Robe Range,

sands continued to accumulate, In the absence of
any preferred direction of longshore transport
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(Sprigg 1952. Bourmau & Murray-Wallace 1&90J, lite

strong persistent ocean swell (Gostin el oi. IVXK)

moved sands onshore from where they were

distributed to form a blanket of dunes. StiriM sands

were also redistributed, both tip and down the coast,

10 rhe protected areas of Guiehcn Bay, to \hc

northwest, and Kivoli Bay, (o the soulheasl.

-Seduiieniatioa 111 these areas effectively isolated the

Kobe-Woakwine lagoon from fu(hcr marine

influence

At the study ^'ite, continued onshore and

^longshore migration of the Holocene sands once

again exposed ihe older liihificd sediments of Robe

Range. Their Ions subacnal emergence iflftttign The

late Pleistocene bad resulted in a hi&h decree of

carbonate cementation and ihcy outcropped fis a

rugged irregular erosional coastline, A marine

mollusc fauna, dominated hy the large gastropod

Turbo, became established along (his rocky, high

wave energy environment. Thus was repealed, nn

the Holocene shOTcfacc ol Robe Range, ecological

events that arc recorded by the Pleistocene horizons

or typical reel fauna* (Sprigg 1952) ill the

Svbakwini! Range

Por a second lime, Aboriginal people occupied

the study she and exploited this newly established

food resource.

The two middens at the study site therefore reflect

profound changes in landscape, The elapsed rune

between ihe two penods of human occupation is

a valuable clue to the Tate of environmental change

Conclusion*

I. Radiocarbon and AAR dating together confirm

an early Holocene age for the Garly Horizon

Robe Ran£c Aboriginal midden, which is

contemporaneous with the culmination of the

Holocene transgression. Application of AAR as

a r>alneothermome/cr indicates ihat this eatly

human site ha* recently been subaerialty exposed,

2, This wotV has demonstrated the importance of

ajt jntegraicd approach to arebacostratigraphic

>tiidies i hronyh the combined efforts ol* dating,

£eomoi'pho(o£>-, scdtmentology and
palaeontology. Such integrated studies can

reconcile otherwise seemingly conflictine

evidence.

3. The notion of arehueosl nongraphic type and

reference sections provides a useful approach in

Ihe study ol Australian prehisiory and lias

potential for wider application.
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A NEW GENUS AND SPECIES OF PHREATIC AMPHIPOD
(CRUSTACEA: AMPHIPODA) BELONGING IN THE "CHILTONIA"

GENERIC GROUP, FROM DALHOUSIE SPRINGS, SOUTH AUSTRALIA

byW. Zeilder*

Summary

A freshwater amphipod Phreatochiltonia anophthalma gen. et sp. nov. is described and illustrated.

It is endemic to a few small, cold, artesian springs amongst the Dalhousie Springs complex in the

north of South Australia. Unlike species of the closely related genus Austrochiltonia the new
species seems to be subterranean in habit, is completely white, lacks eyes, and coxa 4 is without a

clearly defined posterior excavation. "Chiltonias"generally are considered to be more closely allied

to the Hyalellidae than the Ceinidae, and thus transference of chiltonid genera (subfamily

Chiltoniinae) to Hyalellidae is recommended.

KEY WORDS: Phreatochiltonia anophthalma gen. et sp. nov., new species, amphipod, artesian

springs, Australia, taxonomy.
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A NEW GENUS AND SPECIES OF PHREATIC AMPHIPOD
(CRUSTACEA: AMPHIPODA) BELONGING IN THE "CHILTONIA" GENERIC

GROUP, FROM DALHOUSIE SPRINGS, SOUTH AUSTRALIA

by W. ZEIDLER*

Summary

Ztim.KR, W. (1WI) A new genus and species of phreatic amphipod (Crustacea: Amphipoda) belonging

in the "chiltoma" generic group, from Dalhousie Springs, South Australia, Trans. H. Sac. S Ausi, 115(4),

177-187, 29 November, 1991

A freshwater amphipod Phreatochilumia anophrhalma gen. et sp. nov. is described and illustrated. Ii

is endemic to a few small, cold, artesian springs amongst the Dalhousie Springs complex in the north of

South Australia. Unlike species of the closely related genus Austrocbillonia the new species seems to be

subterranean in habit, is completely white, lacks eyes, and coxa 4 is without a clearly defined posterior

excavation.

"Chillonias" generally arc considered to be more closely allied to the Hyalcllidae than the Ceinidac, and
thus transference of chiltonid genera (subfamily Chiltoniinae) to Hyalellidae is recommended.

(Cpv Words. Phrearociultonia anaphthahna gen. et sp. nov. T new species, amphipod, artesian springs,

Australia, taxonomy.

Introduction

Recent studies of the mound spring fauna of the

Great Artesian Basin In Sourh Australia have

revealed a diverse endemic fauna (Ponder 1985,

1986; Ponder et ai 1989; Zeidler & Ponder 1989).

This fauna, components of which are endemic to

certain springs or spring groups, is dominated by

hydrobiid molluscs (Ponder et a/. 1989) and

crustaceans including amphipods of the genus

Austrochiltonia Hurley, 1959 (not AJrochiltorua

K. H. Barnard, 1955 - see Zeidler 1988).

During a recent survey of the fauna of Dalhousic

Springs in the extreme north of South Australia

(Zeidler 8c Ponder 1989), we discovered several

populations of an undesertbed amphipod similar

to the Ausfrochittonia species commonly found in

other mound springs, but without eyes. A detailed

examination of this species has revealed several

characters which preclude i( from AastrockUtonia

or any other allied genus. I therefore propose a new
genus to accommodate this new species.

Chiltonias (subfamily Chiltoniinae) also occur in

New Zealand (Chiltonia Stebbing, IK99) and South

Africa (Afrochiltania), but until now no phreatic

species have been described, although Williams

(1986) reports the probable occurrence of some in

Western Australia, from springs and caves near

Penh.

The familial placement of chiltonias is briefly Fig , j Location of Dalhousie Springs, South Australia,

reassessed and they are considered to be more

closely allied to the Hyalellidae than the Ceinidae,

and thus transference of chiltonid genera to
Materials and Methods

Hyalellidae is recommended. Specimens were collected from five rather small,

relatively cool, seeps amongst the Dalhousie Springs

complex (Fig. 1). The springs are coded following

Zeidler & Ponder (1989) (see Fig. 2). Animals were

* South Australian Museum, North Terrace, Adelaide,

S. AusK 5000
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I <\DLt I. Temperature measurements, at time of collection, for habitatK n/ Phreatochiltoma anuphthalma sp. not
amJ phystcochemicai data (from Smitn !9S9)for heatby sprm^s (measured us close as possible to source).

Temp.
Ail

Temp.
Water

Nearest
Spring

Held Chemistry Lab. Client

H.ihirat Temp. Cond. TDS PH D.O, TDS PH
"C C : C 25°C

iiicnituir-

mg/i\ ppm ti^/f

Chi 20 20 None
ntviu 225 22.5 Db> is 1500 830 7.! 0.6 901 7.6

Nlhof L2 - - 62 36 1600 890 7 3 IJ - -

US 12 23 HI 29 14K0 820 7.7 7.5 930 7.5

Cia4 22 17 oat 52 2100 M80 TT in 1220 70
V

Qfl3 ^ 2120 H90 7.1 21 1275 71

collected with a small hand sieve cm picked off plant

debns with forceps, and once, when no surface

water was present (at Cbll. two specimens were

collected using a household cotion mop placed in

a pn dug to water level (appro*, hn). A loial of 676

specimens (3669 9, 26}crcr
t
47 juveniles) were

collected and examined.

Vhysicochemical data for the sites sampled arc

unavailable because too little surface water was

present for meaningful analysis. However, an and
water temperatures were measured at the time of

collection, and these and physieochctniculdaia lor

nearby springs are given in Table I.

Material reported here is deposited in the South

Australian Museum, Adelaide (SAM), and the

Australian Museum, Sydney (AM). All specimens

are preserved in 75% alcohol or 2%
formaldehyde/propyleue glycol solution. Of the

types, only the holotype, allotype and one paraiype

C have been dissected (partially), with appendages

removed from the left hand side of the animal

unless indicated otherwise. Dissected appendages
are preserved with the carcass or, in the case of the

holotype, the mouthparts, pleopods 1-3, and the

uropods and tel.son are mounted in poly-vinyl

lactophenol on a microscope slide.

Specimen lenglh is measured along a lateral

parabolic line drawn from the anterior extremity of

the head through the middle of the body to the

pOMCiior limit Of the IcImjii.

The thoracic limbs are referred to as gnathopod
I and 2 followed by pereopods 3-7 to avoid

confusion. Size comparisons of gnathopods exclude

(he coxa and dactyl, and of the pereopods, I he coxa,

with articles being measured along the middle.

The following abbreviations are n.sed in the te.xl.

Al = first antenna; Gi - gnathopod I (first

pereopod); G2 - gnathopod 2 (second pereopod);

P3-7 - pereopods 3-7; UJ -3 - uropods 1-3.

Syslemaiks

PbrcstochUmtti gen, et spc run.

Type spevies: Phreafocbiftonix twophlkafrmi

sp. nov.

Diagnostic definition: Males about SA sixe of

females. F.yes absent. Antenna I longer than

antenna 2, about '/i hody length; ventral aesthetasv

al base of distal ihreeor four (rarely five) flagellar

articles- Antenna 2, length almost 0.7 * antenna I;

gland cone [Messed against head, not readily visible

laterally, Maxilla I without palp, notched at palp*-*

normal position. Coxae 1-4 deep. Coxa 4 without

well-defined posterior excavation; maximum width

greater than length (up to t .25 >. in female).

Gnathopods 1 and 2 suhchelate in bolh sexes; article

6 of gnathopod 2 enlarged in male. Pereopods

slender; pereopod 5 distinctly shorter than pereopod

4; pereopod 6 distinctly shorter Than pereopod 7.

Pleopods unmodified in both sexes. Lnrdpod 3 with

single ramus or ramus absent. Tel.son entire,

subrectaneular with slightly concave distal margin.

Coxa! gills on gnathopod 2 to pereopod 6.

Ooslegites on gnathopod 2 to pereopod 5.

Etymology: The generic name, Phreatochiltotmt,

refers to the phreatic habit of the type species, and
acknowledges its similarity (o Austroch'tltonia,

Systematic status of Phfcsloehiltonfa gen. no*,

and oilier t-liiltonid gvneta.

The new genus clearly belongs to the "diUtonia*

generic group (subfamily Chiltoniinae). U is must

similar to Austrochiltan'w, h\\\ is readily

distinguished from this and the other two chiltonid

genera (Chtlloniu and Afrvchihonia) by the

fallowing characters; I) the phreatic habit; 2) the

complete lack o\ eyes; 3) coxa 4 is without well-

rig. 2. Dalhousie Springs complex showing sites (.coded) from which Phreatochittotua atwphUialma gen. ei sp. nov.,

hu*- been collected and adjacent springs (referred it) in fable I). Scale * 1:100,000 (Oiher springs, swamps *icnii

spriqgs mkI creek beds nie siipplcd.) —*•
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defined posterior excavation, and 4) percopod 5 is

distinctly shorter than percopod 4.

The current familial placement of* the ehiltonid

genera is uncertain. Barnard (1972a) originally

placed the chiltonias in his new family, cemidac

(Barnard 1972b). Bousfield (1982) however, includes

the chiltonias in die Hyalelltdac, in a brief synopsis

of Ihc family, hut gives no reasons lor this

rearrangement; it has thus been ignored or not been

accepted (e.g. Zeidler 1988; Barnard A: Barnard

I WO).

The inclusion ot chiltonias in the family Ceiindat-

b> Fsarnard (1972a) is dot altogether satisfactory.

They differ from Ceina Delta Valle, 1X93, the type-

genus, in several key characters; Ceiew ha* an

aberrant mandibulai molar consisting of a Ions,

conical, non-triturutive protuberance, and a flat,

distinctly cleft iclson, whereas chitlonias have a

relatively large, triiurative mandibular molar, and

the telson is curved over the anus and is not cleft

except in Chdioma rmhiwaka (Chilton. 1898) (for

distal '/4>. Chiltonias appeal tu have more in

common with Hyahlla Smith, 1874 and
Afforehe*ies Dana, 1X49. particularly with respect

10 the mandible, uropod 3 and the telson. I therefore

recommend that the chiltonias, Afrochiltonh,

Ausirvchiitortxc* Chtitoniu and Phrearochiltortia

gen. nov., he placed in the family Hyalcllidae

tosethei with A llorcttextcs. Hyoldta and Parhyafella

Kunkel, I9t0
>
subject lo a thorough revision of the

hyaJcllids.

l'hrvjuu-ttiUnnht anophthalma sp.

FIGS 3-35
nov

i-T't'ochit/onut^ Zeutle£ 1989, pp. 83 84, rig. 12.1 A-

Hoiotype: SAM C4228. Adult male, South

Australia* Dalhousie Springs, from small seep of

spring Db4 iDb4a), 26 : 2*V 49 "S 135* 29' 15 "L, W.

Zeidler & K. L. Ce4v.cu-Hcln.es, 9.vi.l985.

Allotype; SAM C422°. Adult female. Collected with

Jiokuypc

Pacatypex Ail with same collection data as

hoiotype, except AM specimens collected by \V. F.

Ponder & D. Winn. AM P40445. 3 9 9, 2c7cr.

SAM C4230, \Cf 3.1 mm. SAM C4231, 1369 9 (M
ovigerous), 102a or, 39 juveniles.

Other material examined: Alt from Dalhumtc Springs area

(rig 2). AM P40446, to, spring Cbt, 26 25 16 *S

I35 < 2V'S2"K, from shallow pool ai tup of mound-, W r

Tender, 30.V.I98.V SAM C4232. 2 v V . spung CblJ 1>om

mop r.rap in pit dug to Maker level lapprox. tin), W. Zeidtcr,

l4.vl,l9R5. SAM C'4233. i&9 from small seep of spring

Do* (Db4b), 26 26 49 "S !?V29'tVr\ W /ridlcr \- K. I -

Gowlca-ttolmcs. 9i*i 1985. SAM DI234, 2v (hotli

ovigerous), bom ^nratt .vecp amount irtes tXtciateuca

gtomerata) jusr north of .spring K2, 26^28' 30 "S

I3.V29DVE. W. Zcullei & K I Cowlcit-Holmcs,

8.vU9ftV AM P40447, 23 s? v i.onc ovigerous), JBtft*,

<prin« E£ 26"28
" 21 "S 135 ( 28'52'T, from small seep on

r»i.r|hMdf '.'rinoumJ.'W. K Miniiei &iX vVhih. B\t I98.V

SAM C4235, 96 o V f$2 ovigerous), V2CTC3T, spring Bfcf

from small .seep on north side vf mound* W. Zeidler &
K. L. Covvleu-Hulmes. Ul.vi.1985. AM P40448. 27 y 3

tone ovigerous), ftortf , spring Gu4. 26 29'23*S
I35*-29'I0"R. rrom small seep, W. K fonder A II. Winn.

4.vj.i985. SAM C4236, 75 Q (20 ovtyerou*). 20 Gf ti , |
juveniles, spring C)a4, from small seep. W. Zeuller&X.

I . C.owleil-Hiilmes H.v ( I9K5.

Definition: As for genus with the following

addilions. Specimens entirely whire, relatively small,

body length of females up to 4.4 mm, mules up to

3.2 mm; relatively robust. Coxal plates 1-3 slightly

wider proxmiatly than divtally. Oosleghes relatively

large, that on coxal plate 2 almost as lonjg as

£naihoped 2. Utopod 3 a single article.

Description of hoiotype Male 2.y mm |F
7
ig, \),

Coxal gills sausage shaped, present from 02 to P6.

HcaU about as long as deep. length equivalent

to first 1-5 perennites.

Antenna I (f-'ig. 4t about 3 v head length; article

I of peduncle, width 0.6>. length and slightly more

than 1.5 « length article 2. article 3 slightly shorter

than article 2; flageltum length almost 1.5v

peduncle, of nine articles with one ventral aestlictasc

at base of each of last four articles.

Antenna 2 (Fig. 9% article I of peduncle as long

a* wide, articte 2 almost twice as long as wide, twice

length article I and ahour -t length article 3;

flagellum only slightly longer than peduncle, of
seven articles.

Upper lip (Fig ]J>; slightly wider than long,

apically rounded, bearing numerous shun setae

disially,

Lower lip (Kig. 12): inner lubes vestigial, outer

lobes subovate with setose distal and inner margins.

Mandibles without palp: left (Fig. 9) with incisor

of seven teeth plus one tiny protuberance, lacina

mobilis of live iceth, spine row o( three feathered

spines> molar tritnralive; right iFig. 10) with incilfor

of seven teeth, lacina mobilis of four teeth, spine

row ol twu feathcicd spines, molai tnturalive wttli

one long feathered seta.

Maxilla I (Fig. 7): outer plate with nine comb
like spines apically; inner plate very n;irn.iw with

two feathered spines apically.

Manilla 2 1 Mi1
. H>: outer plate slightly longer than

inner, seial row restricted to apex; inner plate with

one large seta on inner margin about 0,6 from base.

setal row apically and along inner margin almusi

io large seta.

Maxiltiped i.F»e, 6); inner plate reaching extremity

of article J of palp, rectangular* width aboul 3x
lene.ih, with three stout leeiti apically, Hie inner one
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Figs 3-12, Phreatochiltonia anophthulma gen. et sp. nov., holotypc b\ 3, lateral view; 4, antenna 1; 5, antenna 2;

6, maxilliped; 7, maxilla 1; 8, maxilla 2; 9 & 10, mandible, left & right; 11, upper lip; 12, lower lip. Scale bars -

0.5 &. 0.1 mm respectively.
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smaller* few feathered setae apicaJly and along inner

ma/gin, outci plate ovate, reaching 0.75 along article

2 of palp, slightly wider than inner plate, than tig,

several setae apicalty and along about distal ^ mner
margin, palp article I with oblique distal margin,

length outer margin abnui 2.5 v inner: palp article

2 lightly broader than long, slightly expanded

distally, as lone as outer margin article t, bearing

group of setae on inner distal corner and along

distal r mnet margin; palp article 3 about as long

as broad, slightly expanded distally, as long as

article 2, hearing c!osc-sci setae on inner distal

corner and for about distal 'A inner margin, several

setae on outer distal corner and outer '/> distal

margin, palp article 4 small, conical* width J5

length, slightly less than Vi article 3, foui selac

terminally; daclyl sharp, slightly longer lhan article

4.

Gnalliopod I (Fig. 13r: coxa width 0.8x length,

slightly longer than article 2, anterodorsal BJtfl

posterodnrsal corners slightly produced* distinctly

wider proximally, anterior margin little longer than

posterior margin, distal margin evenly rounded with

several cver.lv spaced setae; article :5 length about

J.2> maximum width, posterodorsal lobe with

clii*c-3ei row of eight stout, pectinate spines; ankle
o irapezoid. half as long again as article 5, slightly

wider distally. width about Vs length, posterodistal

corner with two smut spines on either side of dactyl,

several long setae on antcrodjstaJ comer and on
pOMcrodistal lobe, several small setae on distal

margin; dactyl slightly shorter than width article

6, fitting neatly against palm.

Gnaitiopot, 2 (Fig. 14): length about 1.4 x GL
coxa! gill length more than 3 < width, little shone*

than coxa; cava slightly longer lhan wide, about

0-8 x article 2, distinctly wider proximally, distal

margin evenly rounded with several evenly spaced

seiae; article 4 with right-angled bend; article 5

.small* without pectinate spines; article 6 little

shorrer lhan article!, length anierioT margin 1,2*

maximum width, postcroproximal corner forming

rounded June, palm uolique with numerous spines

of varying lengths on either side of cutting edge

Ihriuwed by shallow groove for tip of dactyl; dactyl

claw-like, as long as anterior margin article 6.

Fereopod 3 (Hg. L5): slightly longer than G2;
coxal gill length 2,5 x width, little shorter than coxa;

coxa like that of G2 but slightly larger; article 4

length 2 > width, about 0.5 >. article 2, anterodisral

corner produced; article 5 length 54 article 4; article

ft about as long as article 4; dactyl length 0.5 y.

article 6; all articles sparsely setose as illustrated.

Pereopod 4 i.Fig. 16)- slightly shorter than P3,

otherwise identical except forcaxa; coxa distinctly

wider than long, wider distally, anterior ntaigin

straight, di.stal margin evenly rounded extending to

vmall posterodistal lobe, postenor margin wi|h

slight indentation bui without rxoxirnal excavation,

Perepod 5 (Fig. 1 7 ); length about 0.9 * P4. ecxxal

gill nearly twice as long as wide, a* long as article

2; coxa width about 1.5x width article 2, length

anterior lobe almost ]A width coxa, length posterior

lobe 0.6/ width coxa or 0.8 v length article 2;

article 2 slightly longer than wide with typical

expanded posterior margin and posterodistal lobe
reaching to about &$ article 3; article 4 length Ux
width, '/:> length article 2, with posterodistal corner
produced; article 5 slightly longer than article 4,

width about Vi length; article 6 length 1.3 >: article

5, width '/a length; dactyl length about lA article

6; all articles sparsely spinose as illustrated

Pereopod 6 (Fig, 18): length Ux 1*5; like P5
except for coxa; coxa almost as wide as article 2,

length anterior lobe '/) article 2, length posterior

lobe -Vi article 2 or 0.8 width coxa.

Pcncopod 7 <r*'tg. 19): longest pereupod, length

about 1.2 v P6; like Pc*. except coxa is semi-circular

and Lacks coxal gill, width 1.4 x length, and article

2 posterior margin tx distinctly serrated above
insertion of setae with acute proximal shoulder.

Pleopods (Fig. 20): all unmodified <cf.

Chiltoniu).

Uropod 1 (Fig, 21)7 length about 18* U2:

peduncle with small spine on inner and outer distal

comers, and three large sp»nes on donsal outer

margin; rami equal in length, about !
/j peduncle,

outer ramus with two large and one small spine al

lip and one latge spine medially on dotsal margin;

inner ramus with two large and two small .spines

at tip and one large spine medially on dorsal

margin,

Utopod 2 (Fig. 22)1 peduncle with two large

spines on dorsal margin, one medially, the other

near distal corner; rami subequal, as long as

peduncle, outer ramus with one large spine

terminally, one small >pjnc subtcrminally and three

large spines on dorsal margin; inner ramus like outer

but in addition a row of five small spines, adjacent

to larger spines, on inner dorsal margin

Uropod 3 (Fig. 23): one-articulate (nuol absent),

almost l

/: length tclson, rounded In cross-section

with one (right) or two ileft) outer and one short

inner seta at tip.

Telson (Fig. 24 >: entire, subrcetanguiar, length

about 'A width, distal margin slightly concave with

two smalt setae at each corner.

Figs 1.1-24. Wirvatachtltntua twrtphthatma gen. ci sp. nov . Iiolotypc cr, 13-19, gnuthopocb I & 2, pereopntis 3-7;
2j». pJrnpnds I-? (feathered setae on 2 A 3 nut sliownh 21 23, uropods 1-3. 24. tel«on. Scale bar - 0.2 mm.
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Description of allotype: Female 3 S mm,
nvigcmus with 28 eggs in brood-pouch* like uiaJe

except for the following

Antenna J; I'layellum length J.6\ peduncle. of
aght articles with one ventral acsthetasc ai base pf
each of last three atticles.

Antenna 2: ftagellum length slightly more than
J.3* peduncle, of six articles

Gnathopod I (Fig. 25): article 5, posferodivtal

lobe with close-sel row of nine, stout, pectinate

spines; article 6 more rectangular, width about ft.6*

leneth, stout spines on posierodiMiH corner cither

side of dactyl slightly larger; dactyl a little longer

than width article 6.

Gnathopod 2 (Fig, 26V JikcGl but lenjath about
I 2v Gl, and article 5 postcrodbcal lobe with close-

set row of seven, stout, pectinate spines.

Pcreopod 3; (Fig. 27); length about 1.2 < G2.
Pereopod 4 (Fig. 28): coxa slightly wider lhan in

male, length only 0.8 x width.

Pcreopod 5 (Fig. 29): coxa slightly wider than in

male, width about 1.8 * width article 2; article 2

with small postciodistal tohe; article 4 slightly

longer than article 5.

FVreopod 6 (Pig. 30) and pcreopod 7 (Fig 31);

as for holotype, but article 2 slightly narrower and
with very smalt posterodistal lobe in P6.

Oostegites (Figs 32-35): on coxae 2-5, all with

curled maTgms and numerous small hooks, togethei

Terming light marsupium. First fa hear(->haped,

slightly shorter lhan G2, length I.H% maximum
width; second is trapezoid, length 0.8a K3, 2.7*
width proximally and 2> width distally; third is

similar to second but with concave postcriot

margin: fourth is subovate with very convex anterior

margin and oblique distal margin, length about
0.6 y P5* l,4v maximum width.

Pleopods. uropods- and telson as in holotype.

Etymology: The .specific name onophrhatma
refers to the absence of eyes,

Variation

Apart irorn variations due to size (e.g. number
of flagellar articles of antennae), paralypes and
other material examined was remarkably similai to

either the liololype or allotype. Minor differences

noted were as follows. The number of aesthetes
on AI varies with some males having an additional

one <llve), and some females an additional one
(four) or rarely two (five). In the male para type

(SAM (-4330) and also the larger male paratypc

from the AM collections (AM P40445) G2 from the

left is noticeably smaller lhan from the right, in all

other specimens homologous pereopods are of
similar size. The spinal ion of UJ&2 varied slightly

with a few specimens with more or less spines

(usually only one, at most two). In one specimen
(female), from spring EH, U3 from the right is two-

articulate <uniramousl as lound in AustracMitfowa
autiralii, (Sayce, 1901), (tostegites of females vary

considerably in size but are expanded, as illustrated,

in ovigerous specimens.

I he possibility that speciation may have occurred

between springs without any obvious morphological

changes was considered, and specimens for

allozyme electrophoretfe analysis were collected

from springs DM (lypc locality), E8 and Ga4. A
preliminary analysis of this material using methods
outlined by Richardson <•/ <?/. (I9H6) indicated fixed

genetic differences of less than 10^j (for 16 loci),

thus supporting the morphological evidence of one
Spectfc& with liltle variation. Given these results, a

more detailed analysis was constdeied unnecessary.

Discussion

The new species described here closely lesembles

an undescribed species that I have collected from
springs scattered throughout the Hinders Ranges
in northern South Australia, sympatic with one or

more undescribed CYangonyctotd species. However,

this other srjeeies is not described here as

consideiably more work is required to determine

whether or not one or more species are present.

Phreatochiltonia anophihalmu has been fount)

only m a few, relatively cold, seeps amongst the 100

or »o springs and mounds known as Dalhousie

Springs, ino*i of which were sampled in 1985
(Zeidler & Ponder 1989) Many of the active springs

at Dalhousie are waim [> 30- Q with large

outflows (Smith 19S9), and since freshwater

arophipods prefer cooler waters (Barnard & Barnard

1983), il is not surprising that no phreatic

amphiptuls were found in these springs. However,

a species of Austrochitionla was found m two of

these warm springs, hut only amongst sedges along

the edges of outflows where the water was
considerably cooler (Zeidler 1989).

The habitat of P, onophthalma is very restricted

and animals were seen at the surface, burrowing in

and out of the substrate, only near points of water
discharge, or were found under plant debns nearby.

The species was moderately abundant at most sites

except springs Cbl and £2, which had tittle or nu
surface water present. The habitat at the other sites

Fici 25-35, Phreutothtlioma anophthalmo gea. ei srx nov.. alloiypr ?. 25-31, gnathopod* t & 1, r^reopods j 7;

32-35. nosTegncs from coxa 2-5. Scale bar - 0.2 mm.
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was very limited, consisting of small seeps about

3 m long by 20cm wide, and only a few millimetres

deep. At Cbl one specimen was collected incidently

sviili hydrobiid molluscs in May 1983, from a small

shallow pool on the top of the mound. In 1985* this

spring was completely dry, but two specimens were

collected from a mop trap placed in a hole dug to

the water level, adjacent to the mound. This

evidence suggests that these amphipods are

essentially sublet ranean in habit and are only seen

at the surface when underground water pressure is

sufficient to breach the surface of the mound. The
notion that these animals, and perhaps others,

inhabit the cool interstitial water beneath and

between mounds is an interesting prospect that

needs further investigation.

Factors that determine the distribution of this

species are unknown, but since the habitat appears

vet v limited, it may be more vulitetable to extei rtaJ

influences than are the habitats of larger spnngv

Presence of surface water is probably unnecessary

for the survival ul the specie^ (eg. at Cbl), and on

a brief visit in April 1986* all habitats had
•contracted, animals were difficult to collect, and
hall of I he habitat of hS had dried up. However
when surface water is present, they may concentrate

at the point of discharge.

Nothing is known about the life history of ihis

species, but of the 366 females collected, 97 were

ovigenous, and recently hatched juveniles were

common.

One can only speculate as to the evolutional v

origin of this species, but it* occurrence at

DalbouNie Springs on the edge of the Simpson
Desert may indicate that it is a dc»ecndenr of a

species which was more widespread during a time

when central Australia was much wetter than it is

today (Kricg 1989). The phrcaue habit having must

likely evolved in response to \clective pressures in

an arid environment.
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AND ITS OCCURRENCE IN SOUTH AUSTRALIAN SOILS
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Summary

Paraphauloppia Hammer is redefined and compared with other oribatulid genera. The description

of Paraphauloppia novazealandica Hammer is extended and four species are described:

Paraphauloppia acutinotata sp. nov., P. globata sp. nov., P. obtusinotata sp. nov., P. triforata sp.

nov. These mites are from soil and plant litter or moss at four of nine sites sampled in

South Australia. A key to adults is given for these five species: this is the first record of

Paraphauloppia from Australia.

KEY WORDS : Paraphauloppia, Paraphauloppia acutinotata, Paraphauloppia globata,

Paraphauloppia obtusinotata, Paraphauloppia novazealandica Hammer, Paraphauloppia triforata,

new species, Australia, plant litter, soil.
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Summary

Lu-. D. C. & BlKCHBY, C M. (1991) Puraphaulnppia (Aeanda: ('lyptostigmalii: Oribauilidae) i'tnm Souih

Australian soils. Trans. R. Soc. £ Aust. 115(4), 1X4 WK 29 November, 1991.

Paraphauloppta Hammer .is redefined and compared wirh other onbaiuhd peneta, Tbc description ot

Paruphuuhppiu nui'uztafundtea Hammer is extended and foui species fti'e described' Paruphnuiuppia

acuunoiaia sp. nov., P Riohata sp. nov., i? obtusintitatu sp. nov., /? (riforatu sp. nov. These mites arc I'rom

*oi| and plant Litter or moss oi lour of nine sites sampled tn South Australia, A key to adults is given for

lltcve five species, this is the first iccord of Puraphuuloppiu from Australia.

Key Words: Pawphauloppia, Puruphotdoppta acutinoiwu. Puraphuuloppiu zfnhuw, Pwvphaidoppia
afttusinotata, Puraphuuloppiu navu7,eatandiva Hammer, Puraphuuloppiu iriforutu, new species, Australia,

plain litter, soil.

Introduction

Powpfiau/oppia Hammer, 1967 is examined as

pan ot a current study of sarcoptiform mites in

South Australian soiIs> sampled from nine florally

diverse sites, and for which Lee (1987) provided an
introduction to ihc relevant work on the advanced

oribatc mites (Plunofissurac).

t*urvphaiduppiu is aided 10 Onbutulu Berlese,

IS95, Phaulnppia Hetlese, 1908, Zy^orthatufu

Bevlese, 1916 and Jornadia Wathvork, 1984 within

the Otibarulidae Thor, 1929, which is applied here

to a tawon approximating to the Oribaiulinuc of

Balogh & Balogh (1984). The Oribatulidae in this

restricted sense have been subdivided inio the

Onbatulinae, P.seudoppiinae Mahunka, 1975 (see

Lee 1987) and Fovoribaiullnae Lee & Birchby, 1991.

The Fovonbatulinae have since been transferred to

the Crassoribatulidae, when the latter was newly

given family rank (Lee 1991). The original definition

of ityraphauhppia is modified to accommodate the

new species and distinguish it from Jomadui, but

also to delineate it I'rom similar family-firoup uxa,

because the definition of the Oribatulinae as

currently vised is unpublished (lee in prep V P.

nwazeatattdica Hammer, 1967 is newly recorded

from Australia, and four new species are described

from Sou |li Australia.

Materials and Melhuds

New material examined here, collected by D.C.L.,

is deposited mostly in the South Australian Museum
(SAMA), but also in lhe British Museum [Natural

History) London (BMNH), the Field Museum,

* South Australian Museum. Nonh Terrace, Adelaide, S.

Ausi., 5000

t Slale Herbarium. North Terrace, Adelaide, S. Ami., S00i

Chicago (FMNH) and the New Zealand Arthropod

Collection, D.S.I.R., Auckland (NZAC), whilst

previously described material is deposited in the

Zoological Museum, Copenhagen (7MC). The

morphological notational system follows Lee (1987),

the somal chaetotaxy of which is summarized in

Figs 5 and 6, with the total setae present in each

file (eg. 6Z) indicated by number coming first,

whilst a particular seta (eg. 76) would have the

number last. The abbreviations for zoogeographieal

regions follow Lee ( 1 970, fie. 427). The descriptions

of eggs refer to those within the female soma. All

material was examined using a Nomarski

interference contrast device. All measurements are

in micrometres (ftm) and were mode using an

eyepiece micrometer at s250 magnification.

Sy.siemaiics

Paraphauloppta Hammer

Puraphuuloppiu Hammer, 1967, p. 45 (type species by
monotypy; Paraphauioppta novazealandicu Hammer,
l'

:ifY7); Coeucr. 196H, p. SS; Balogh & Balogh. 1084, p.

272; Luxion, 1985, p. 68.

Definition: Hysteronotum with 10 pairs (!/, 67v 2$)

of setae and three or four pairs of multiporose
foramina, pteromorphs absent. Dorsosciugal

furrow entire (sometimes faint), arched, not

extending forward to level of setae J2, Proter-

onoium without translamella, nrelamelia,

sublamella or tutorium, narrow costare lamella

(net ween setae zl-zl) present. Ventrosejugal

apodeme forming single, continuous bar across

rradstcTnal line. Coxile seta IV\ about level with

JZg\. Gemial shield with rhrec or four pairs of

setae. Discidium forms low costate ridge. Femora
I and i\ with five setae (0,2/2,1). Taisi lonj: dotal
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length of tarsi I, II. HI and IV mote than 7.5% of

idtosomal length) and *lim (height less than 33%
of length). Prctarsus with ihree claws, usually lateral

claw conspicuously slimmer than central claw

(exception P* friforu/a sp. nov., all three claws slim)

(ieneftil morphotoRv: Somal length ranee lor

adults: 259 650 (South American ipeciciv larger,

330-C»50; Soillh Australian species smaller,

259 1651. -Somal chaetotaxy: If, 2*, is: 11 6Z, 25;

1L !/r\ 3///, .W; usually W7g (execpiton: P.

ftovawatandtvu Hammer. 3JZg), ISg; IJZa* 2So.

) Q\i chaeiotnvv (snlenidb in pareiv.hescsl: L - I. 5 f

MU.M2), 2U(i); U - I. 5, Jll). 4(1 k 16(2); III - 2,

\ 1(1), 2(1), 16(2); IV I, 2, 2,3(1), 12. Integument

jrwunly smooth, eerutegutneni inconspicuous

sometimes (Australian species except P
n-.-'rtKeafuttflicu Hammer) line longitudinal lines in

evxxttc region, Hysteronotal setae SftOfc weakly

pilots sela z7 davale or globose. Subpcdal and
circumpediil ridyex merged into single continuous.

line femora Jack ventral flanges, fenuir I without

caput collar.

Distribution: South America iNlc; Argentine.

Bolivia. Chile, Peruh AuMralia (Aa; South

Australia! and New Zealand (An: South Island).

Within Soillh Australia, Paniphauhpptu is recorded

from tour sites each representing y habitat type

(mallee-bioombush, malice-heath, savannah
woodland, vclerophyll forest) with native vegetation

and in a Mediterranean-type climatic region. In

South Amcnca and New Zealand Puruphtttdoppia

occurs in mooter, cooler regions. Therefore, despite

its absence from the South Australian most
southerly, mois(, coasial Mte, Pamphuuioppla
probably also occurs in I he nioister, temperate

environments o\ Ausiralia.

Rctnarks: P\iraphauioppio was considered similar

In SubphauloppxQ Hammer, I9&7, and <o lo

Phaulopnia Berlese, I90X, when ir xvas established

with one species from New Zealand (.An). Now. it

cuuld be considered most sjruilai La Jornudiu

Wall work, 10X4, known from North and South

America, which differs in having fivejionital setae.

C.'oet^er ( 196S) included in Pufuphautoppia a lurihct

eight of Hammer's South American species thai had

been grouped in either Oribandu Berlese, 1895 ot

iiffonhatuta Sellnick, I92tf. One nl these species.

P austrotis (Hammer, I9r>2), has ?ince heen

mistakenly used (Balogh & BaJogb, 1984, fig 70)

in oidei to illustrate hporiixaufa despite its being

excluded from thai genus in the same publication

on the basis of having ten pain? of hysteronotal

setae. Until the present publication, no othct

cltauges have been made to the genu.v A paper i'l t*

vt. tiiKcnn\

1991 1 on the higher classification of ihe

Oripndoidea, however, gives more weight to i tic

presence of a central ^ap in rhe vcnlrt'scjugal

apodetne in delineating subfamilies. Consequently,

Oiphautoftpia Balogh & Balogh, 1984, Gcrloubia

Coetzer, 1968 and Subphauhppm were Lranslencd

from the Oribatulinae to tftft Pseudoppiinae, so that

although previously regarded as similar to

Pavaphauloppiih I hey rue now* included in anolhct

subfamily. Thus Paraphaidoppia and Jornadia are

the only oribatulinc genera with ten pairs of

hysteronotaJ setae, all the others having 11-14 pairs.

Pnraphtiufoppja <:ordyl'u\ttsa Higgins & Woolley,

1975 is listed in ihc North American fauna by

Marshall et al 11987), noiing ii as a problcmalic

combination; %inoe i( has at least 12 hysteronotal

sctal pairs it is excluded here from Paraphaulopph.

South Australian and Souih Amciican species of

Piimpfuiufoppia differ. The South American species

are larger, except for P, gruvttto (Hammer, 195S),

which is similar to P. nowzeatondica in somal
shape, size and form of notal setae, and positioniiiu

of nolal seta 55 behind 74 The South American
species also have smaller sensory setae t?.2) and
hystcronolat fotamlna, and lack linestriaiionson

their coxites.

Paraphauloppta includes U species: P.

nlUrnontuna I'Hammer, 19581; P, aeulinotaw <p.

nov.; P, altimontanoides (Hammer. 1$5&); P.

ausitulis (Hammer, 1962); P. %lubuta sp. nov,; P,

gracilis: (Hammer, 1958); P. ttm^tnporosa (Hammer,
1958); P morerun (Hammer, 1962); P
novazeatandicQ Hammer, I9f>7 (type-species); P
vbtminotata -sp. nov; P pjsaewsrs (Hammei; 19W >,

P. quadrist'tosa (Hammer, IVrSH; P, triforatu vp. nnv-

Ke> to Auslrall^n Psrapbanloppfa species (adults)

1 HysteroiK'Uil setae sliojler (23 auJ ZA not r^itfalfUj

Zl oi S5| (riy. 71. Veiilrusejugal apodeme well

Nc-paruted from rtiargin of eeiiiial orifice, distance

between sc^ae tlf\-J'?$\ h\ lea^t n-^renr Ojs length of

coxite seiii W£J ihtg- **) *

Hysteronoial selae longer (/J and /4 reaching /2 (»r

S5) (t'lg. I). Verumsejugal a|xidcme abmnng onto
niacin of gcniitii nnfice oi close to n. disutna!
between scuie tfl\-JZgl less lhan Jen^th of Luviteseia

///I (Pis. 5)... .1

2. Larger soma (length > 300 ,«m). Three pairs of jieiulal

setae Tour pair^ of hysteronotal lc>raniina. Notal seiae

Jl and 71 shorter than 72 or 7$
P. t\o\>azcahnuiico Hammer, l'KS7

Smaller soma tlengrh < 300 /mt), Four pairs of genital

tftsa Three pairs at hysieronoial foramina. Nolal
seiae j2 and 7\ longer rhnn 21 or /3 (Kg. S)---

... P, rnjoratit sp. nov

3 I an?ef ^orn:* tlenjtlh > 550 /un). n.vsUTO^oina
.subglobular. llysteionoml seiae long (7A length ai
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least 2* distance 23-/2) (Fig. 1),

,

ft plohuta sp. nov.
Smaller wma (length < 350 ^m). Hysicrosoma ovoid,
iiysteronotai setae medium length (Z3 length
1.00*-1.33* distance //$ 22) (Fig. 1) 4
from of tostrum (tooth narrower than long) and
hysteronotum (dorsosejugal apodeme adasiaJ relative
to seta 7*2, humeral tectum nut obseunm; bothridiai
base) pointed (Fig. I). Foramen F4 behind"! ine joining
setae 24-55. Major axis of pore Saf nearly
longitudinal (similar to Fie. 8) „

P aculinotaia sp. nov.
From of rostrum (tooth as wide as Jong) and
hysteronotum (dorsosejugal apodeme adaxial margin
levet with setay2, humeral tectum obscuring bothridiai
base) hlunt (Fig. 5). Foramen F4 in front of line
joining setae /4-S5. Major axis o\ pore Saf nearlv
transverse (Fig, 6) p abtusinotata'sp. uov

l*arjphtiuloppia acutinotata sp. nov.

FJG. 1

Type material: Holotype female (SAMA N1990733),

plant litter, sparse moss and calcareous sandy soil,

under ridge-fruited malice (Eucalyptus inerassuta)

amongst broombush .shrubs (Melaleuca uncinata),

open scrubland, Ferries-McDonald Reserve
(35*15 'S, 139WE), 20.vi.l974. Paratypes, four

9 9 (SAMA, N1990734 - N 1990737) and four w o-

(SAMA, N1990738 - N199074F), same data as

holotype.

Female; Soma oval, light brown, fdiosomal length,

316 (5, 298-329). Leg lengths (femur-urnus for 3"l6):

1-169, IM42, IIi-142, IV-180. Tibial maximum
heights (for 316): 1-17, [1-12, IM-ll, IV-12.

Proteronotum with terminal tooth to rostrum
forming narrow point, not as broad as long.

Anterior foramen [F\) absent. Seta ,/2 reaching

midway between j\-z I. Sensory seta (zl) clavaie,

usually with caput longer (over 66^'q of total setal

length) than exposed stalk. Hysteronotum with
mainly medium length setae, but some peripheral

setae substantially longer, Z\ usually longer than

z2, 56 usually 1.25 x length of Z4. Seta S5 well

forward su that level with seta ZA and foramen ^4
behind line between Z4-.V5.

Idiosternal seiae with inconspicuous cilia, long,

sera /2 reaching anterior margin of sternal tectum.
Coxite region striated from anterior margin back
to seta Sg), posteriorly striae superimposed on weak
reticulations. Diseidia! ridge with straight edge. Slit-

like pore Saf nearly longitudinal, less than 45~' from
longitudinal axis. Egg subellipsoidal, exochorion
smooth, si/e 170 x 77 (1), length 52"/o of somal
length, eggs per female - 1 (1).

100 urn

Fig. I. Puraphauioppiaacutinotalasp, nov., 9 notum of
soma. For setal notation see Fie. 5-

Fegs medium length (mean femur-tarsus lengih:

50 ft
'o of soma! length) wilh medium girth (mean

maximum tibial height 34"/o of mean length).

Central pretarsal claw with 2> depth of lateral

pretarsal claws,

Mule: Similar to female but idiosoma shorter, mean
length, 285 (4, 275-296).

Remarks: The specific name acutinotata is derived

from the Latin for 'poinied' and "back" and refers
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Fig. 4. Paraphauloppta glohata sp. nov., 9, posterior aspect of femur-pretarsus of right legs 1, 11, III and IV. all

setae in femora I and II illustrated, d - dorsal, p = posterior, v - ventral.

to the sharp rostral tooth and anterior hysteronotal

margin. These distinguish it from the similar P.

obtusinotata, sp. nov. as do the longitudinal slit-

like pore Safzxxd greater length of some peripheral

notal setae. P. acutinotata and P. obtusinotata both

have medium sized hysteronotal setae and arc

distinguishable from the other Australian species

which have either clearly longer or shorter relevant

setae.

Paraphauloppta globaia sp. nov.

FIGS 2-4

Type material: Holotype female (SAMA N1990742),

plant litter, sparse moss and calcareous sandy soil,

under ridge-fruited maUee (Eucalyptus incrassata)

amongst broombush shrubs {Melaleuca uneinata),

open scrubland, Ferries-McDonald Reserve

(35°I5'S, l39 fJ09'E), 20.vU974. Paralypes, 16 9 9
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(SAMA. Nh90743 - N 1 990752; l-BMNH;
1 FMNH; I NZAC.i lost) and five *ff (SAMA.
NJ990753 - N 1990756: I lost), same data as

huloiype.

fcmate: Soma htoadly ova! or uibsnueneal m shape;

light brown colour, Idiosomal length, 3ftS 1 17,

33V-365). Leg lengths {femur - tarsus for 365):

1-213. 11-193, U1-I8S. 1V-239. Tibia! maximum
heights (lor 365): 1-21. U-16, 111-14. IV-16.

Proferonotum wifh terminal tooth to rostrum

forming narrow poinu not as broad us long (in Fie.

2 not evident because diiected downwards).

Anterior foramen (/!> ahvent. Sela j'2 reaching

anterior to z\ to about 0.8 % distance between setae

fl zh Sensory seta (zl) clavate, slim and long,

usually with caput subequal in length to exposed

stalk. Hyslcionolum with long setae, length of >etae

553 and Z4 more than I! < distances from Z2 and

S5 respectively. Seta 55 nearly far enough forward

to he level with seta Z4, hut foramen FA anterior

to line between setae Z4-S5.

IdiostcrnaJ setae with minute but noticeable cilia,

long seta 12 reaching anterior margin of sternal

levtum. Coxiie region with central area striated fiorn

anterior margin to seta ///I, laterally around seta

il lines faint and broken up into rows of short striae

and dot.s. Discidial ridge with tubercle bearing seta

#5, Slit-like pore Sqf nearly transverse, more than

45 from longitudinal axis. Egg subellipsoidal,

exochoriou rugose, mean size 166 ;-; SO {10), length

47H& of somal length, eggs per female I (1), 1(\\^

3 (3) Oi 4 (2).

Legs long (mean lemur-Larsus lengLh: 57% of

somal length) and slim (mean maximum tibial

heiy.ht 31% of mean length). Central pretarsal claw

with 2;* depth oi lateral pretarsyl daws.

Mate- Similar ut female but idiosoma shorter, mean
length 342 (5, 337-347).

Remarks: The specific name gfobata is derived from

ihe I aiin for ^tohe A md refers to the suhvpherical

shape of the hystcronotum. P, globaw is

distinguishable from the other .Australian species

by itn.v shape, its relatively large si/e and long noial

setae, ft is smaller than all hut one of the South

Amei ican species, and differs from them in having

such a long clavale sensory seta izlh

Pumphttuloppia novazmlatulUa Hammer

Paraphaufappia ttoMrvaiatidka Hummer.
1967, p. 45, 46, t% 59.

7}w nutterhil e\'antint<l; Of 11 specimens recorded

Willi original description, tectotype ct (labelled

"type" in vial of alcohol) and four paraleclolypes

(labelled "p^ratypes
,>

,
one v audihree oro* on one

slide) examined (7MO), thick moss and bone-dr)

lichens and LvcopodiutH, open Manuka and
\\othufagus forest, few KM) feel above lake, I .nice

RouuIk South Island. New Zealand, M. Hammer.
I%2.

/W*;*?/r- Soma oval, straw colour (New Zealand
specimens) or light brown (South Australian

specimens), Idiosornal length (original description:

"about 0.34mnO, 320 (I, New Zealand), 337 (25,

Sclcrophyll forest, 326- 54ft) or 363 \\ Savannah
woodland, 350-370). Leg lengths (femur-tarsus,

Scleiophyll forest, fur 341): I -170, 11 151, 111-142,

IV-178. Tibial maximum heights (for 341): Mfj
11-17. 111-12, IV-I2.

Proteronotum with tciminal tooth to rostrum

forming hmad point, as broad as long (not

illusuated by Hammei, 1967; fig 59). Anterior

foramen tH = "ap fT

) smalt hut conspicuous. Short

ridge between setae j2-z2 present (New 7ealand

specimens) or absent (South Australian specimens),

Seta j2 as long as 0.75 >-. distance between setae

j2-zl. Sensory seta (z2) globular, with caput
subequal to or shorter than exposed stalk, two parts

clearly delineated. Anterior hysierunoiat margin
complete, although fainu recognisable between

dorsoscjugal apophyses. Hysterouotum with short

setae, Zl. Zl and /A length subequal to distance

Z2-Z3, Sela S5 well posterior to seta Z4, and nearl>

directly behind it, so foramen F4 lateral to line

between setae /4-.S5.

Idiostemal setoc with inconspicuous cilia,

medium length, scta/2 not reaching anterior margin

of sternal kvlum, Coxiie region not striated, weak
reticulations near niidsrcrnuut. Apodeme JII

present, small, thickened lusion to coxite limited

!o short linear strut or sub-circular tubercle,

Discidial ridge with tubercle bearing s?la IV 3. Slit-

like pore S{$nearly longimdinaljcssthan 45 ;
' from

longitudinal axis. Egg subellipsoidal. e.K>churiou

smooth, mean sue 145 « 86 (U), length 4fVVo of

somal length, eggs per female -
I (9), 2 U) Or 3 (I).

Legs medium length (mean femur-tarsus length:

47% of somal length) with medium ginh (mean
maximum tibial height 34'Vo of mean length;

Central pretarsal claw with 2a depth of iateial

pnetaisat claws.

Male: Simi la i in female hm idiosoma usually

shorter, mean length. 328 l4, types ex New Zealand,

320-334), 323 (25, Sclcrophyll forest, 312-336) Or
341 (6, Savannah WoodUuuL 326-355).

KeJ'envcl material: 41 t? ? (SAMA Nl*)SX)939 NI*; iX)94S,

MS>y()955 - NJ 990964, M9909SI N(9909*J2 4-BMNH
4-fMNH. 4 NZAC) and 50 CT-Q! t-SAMA NW'X)W4
Nls»WW3R, NIWVM6 - Nt99004.S. Nl t>909(vf. - NlWtWMU,
NIW0993-M990I006, 4 BMKII. 4 IMNH, 4-N/.AC j,

plant litter, ipiirsemoss jnd vjkare<niH sjukIv soil, unde-
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selciuphyllous shrubs amongst messmate Mrine>hark
(Eucuivpius ohltiiuit), drv sclemphyll forest neur smninii

Ot'Ml I .oft v 04' Sd'fi, »3H' 45
" ti>, C IdiiiidCntixeiVHlion

Pack, 9.v,|y?4. Fjve <> o (SAMA N19iW« - N J 99095 1.

N19901007, N19901008) and six Cf tf (SAMA NI990952
- M'*9(W54, N1990I009 NI^QIOIIj, gMSfc mens, leaf
liliei and loamy soil undo manna jmuu lice* {Eucahptus
i'i.'itirwti\), savannah •.\ooUlorul. Chambers Oullv
<U'-58\S, MS 41 h), < loland Cqucrvaiion P*n k.

12,vi 1974,

Me/twrk.s: Put'tiphuitloppia KmazeQlanriica is

distinguishable within the genus by the presence of
foramen F\ and only three pair* of JZg setae on
the genital shields. The Saudi Australian material

is more like New Zealand type .specimen* than the

original description indicates, in that (he anterior

margin of rhe hysteronotal shield fa complete, the

notal setae are longer and the rostrum has a tooth.

Two :>nw;M differences, the larger soma and the

absent*- of a .slion prmeronotal ridge on the

Australian material, however, suggest that there may
be two .subspecies present. P. norareolandica is

.superficially similar to & ohtusmotutu sp. nov., but

is distinguished from it and other Soulh Ausiralian

species, by its generieally unique character stares

and in having a globular sensory seta and no Mi lac

On its coxites, The iriost similar species to it Is P.

gfuiih* (Hammer. 1958) from Bolivia, which also

.shares (he portioning of hystcrunotal seta S5. well

.separated from 74, but directly behind it

Pxntphxalvppfu itbtusinoinu sp. aov.

TJOS 5, 6

type tnuimai: Holotype 9 (SAMA N1990757),

plitttt litter, >parse mo*s and silaceous sandy soil,

under scleropl^llbus shrubs amongst messmate
stringy baik (hmufyplus oMiquo), dry sclerophyll

forest, near summit of Mt I ofty 1.14 "59 S,

138 c45'b). Cleland Conservation Park. 9.V.1974.

Puratvpes, 105 V 5 (SAMA, N1990758 NI990773

and N19W785 - NI990S5S; 5-BMNH; 5-FMNH;
S-N/AC) and 101 VW (SAMA NWI/774 -

M4907«4nnd NI990859 tyHNQH3^ 5 RMNH.
5-l'MMI, 5-N/AC). same data as holoiype.

i'emale: Soma with nval shape and light brown

colour. Idiosomal length, 308 125, 278-329). Leg

length (fcmur-tar.su.s for 288): 1-155. 11-149, IU-142.

IV-I6S. Tibial maximum heights (tor 28K): 1-19,

11-14, 111-14, IV-12

I'lOteronotum ftih terminal tooth to rostrum

forming broad point, as bruad as king. Anterior

foramen (F\) absent- Setay2 length subcqual to

di.slanee j'2-zl. Sensory seta (z2) clavale, medium
*i/e with caput subequal in length to exposed stalk.

Hysleronotum with medium length setae, some
jieiiphcral setae slightly louder, Z\ shorter thaii-jZ

-V6 nibequul in length to 74. Seta S5 posterior to

seta X4 so foramen ^4 just anterior 10 line between

setae Z4-S5.
Lhusternal setae with inconspicuous cilia, long,

seta fl reaching anterioi margin of sternum. Coxite
•"Cjaon with Mnaliotts broken up into shun lines or

dots, Trnm anterior margin io ventrosejugal

apodeme, not superimposed on posterUu
reticulations. Disudial ridge with tubercle at base
Of Ctta fVJ, Siii-likc pore Saf nearly transverse, more
than 45' from longitudinal axis. Eggs ellipsoidal,

exochorion smooth, tneau si^e 139 « 70. length

48% of somal length, eggs per female - ] <9|, 2 (61

or 3 (2).

l-egs long (mean femur-tarsus length; 53^ of
somal length) with medium girth (meajt maximum
tibial height 38% of mean length). Central pretarsal

claw with 2x depth ot Lateral prmusa] claws.

Mufc: Similar to female but idjosoma shorter, mean
length, 293 (2*. 27S-:93).

Remarks- The specific name ubfusina/ota is derived

from the Latin wnrd.s for •blunt' and 'back' and
refers to '.he hroad rostral tooth and rounded
anterior hvstcronotal margin, which distinguishes

it from the similar R acuttnotutu sp. nov. Other
distinuuisfung characters are the longitudinal sin-

like pore St/J and (he shorter peripheral liysterunotal

setae. P. obtuxinowfu iutd P. acutmoiahi are medium
sized amongst other Australian species which have
cither ckatly longer nr shorter hystctonotal seiac.

PxmphjukippiM triforata sp. nov.

FIGS 7, 8

Type material: Holotype Q (SAMA N199010I2K
plant litter and calcareous sandy soil, under bauksi.j

Nhrubs ifonksta armia) arnonyst sclerophyllous

shrubs and sparse brown stringy bark malice
iLuiviyptus btWen') on ridge, tall opeivshrublaud,

Tamhoore (35°57'S. 140^29 t), 4.vii 1974

1'aiaiype.v 12 9 9 I.SAMA M990IUI3 - NI99UI024)
and eight $r.0 (SAMA N19901025 - M9901()32|

some data as holotype.

Fvmute; Suma narrowly oval, stravv colour
Idiosumal length, 279 (13, 270-2K8). Ug length

l.fcmur-tarsus for 278 f : 1-137, II 127, lll-KW.

1V-I44. Tibial maximum heights (for 278): 1-17»

11-12, UI 10, IV-iO.

Proteionotuiu with tcriTunal tooth to rostrum
forming broad point* at> broad as long. Antcriot

foramen (Fl) absent. Sctay2 reaching just beyond
seta cl- Sensory sera (c2) clavate, medium size, caput

subequal in length to exposed stalk, Hysleronotum
with short sctac> Z3 and /A teu.eih less than distance
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Figs 7-8. Paraphauloppia triforaitt £p. nov., 9 7, notuin of soma. 8. sternum of soma. l;or seta] notation see Figs
5 and 6.

from Z2 and S5 respectively. Seta S5 almost level

with seta Z4 t and foramen FA absent,

ldiosternal setae with short, distinct cilia, short

seta Yl not reaching anterior margin of sternum.

Coxite region with striations reaching back

posteriorly to seta \Y% anterior striae longitudinal,

whilst posterior to ventrosejugal apodeme slriae

angle towards genital shield. Discidial ridge straight.

Slit-like pore Saf nearly longitudinal, less than 45°

from longitudinal axis. Egg subellipsoidal,

exochorion smooth, mean size 131 x 66, length

47% of somal length, eggs per female - 1 (4), 2 (3)

or 3 (2).

Legs medium length (mean femur-tarsus length:

46% of somal length) with medium girth (mean
maximum tibia height 37% of mean length).

Central pretarsal claw only slightly greater in depth

than lateral pretarsal claws.

Male: Similar to female but iUiosoma shorter, mean
length, 264 (8, 259-270).

Remarks: The specific name trifarata is prefixed by
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a derivation of the Latin for 'three' and refers to

presence of only Lhree pairs of hystcronoial

foramina, a state unique in Paraphautoppia. R
tnforata is the smallest member of the genus, and
is pale in colour with relatively short legs.
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LAKE FROME (SOUTH AUSTRALIA) ABORIGINAL TRAILS

BY J. C. MCENTEE*

Summary

This paper traces a previously unrecorded ceremonial route associated with the Flinders Ranges

Aboriginal groups, and their interaction with the people from the Barrier Ranges area in western

New South Wales. While most of the groups within the study area culturally practised circumcision,

the Wilyakali did not. This cultural difference appeared not to interfere with other activities such as

trade in ochre and grindstones or competitive social gatherings. The routes used for the interaction

have been interpreted in terms of language and landscape recognition. The nature of the group

gatherings has been pieced together with the assistance of the few remaining informants.

KEY WORDS: Lake Frome Plains (South Australia), interaction trails, circumcision, language
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LAKK KKOMF (SOUTH AUSTRALIA) ABORIGINAL TRAILS

by J. C. MCLNTkb*

(noprimal ur

JOHNA-I t) INANVAIANA VIPANA WANDU YUND-ANG-Al-U
Whatever John has put down in (Ilia paper 8 very good. If is all right for anybody to read. I agree with

lolm's illte and moaning of the place narne» which I have- learned from my family.

rJC ft&*fate&i^ (Pear) MdCen/ie) 14.x 1 8ft

Summary

,\$i\td: fTA ^y

MttsMhL, J. C. (W9l) Lake Frome (.South Australia; Aboriginal nails. Trans. /?. Soc. S, Ausl, MSI'lh

PW-205, 29 November, 1991.

Tim paper tmees a previously unrecorded ceremonial route associated with the Flinders Ranges Aboriginal

groups, and their interaction wjtlnhe people from the Barrier Ranges area in western New South Write*.

While most ot the groups within the study area culturally practised circumcision, the Wilyakah did rial.

Tins cultural difference Appeared not to interfere with other activities *ueh as trade in ochre and grindsioncs

or competitive social gatherings. The routes used tor the interaction have been interpreted in terms of language

and landscape recognition. The nature of the group gatherings has been pieced together with the assistance

1>J (fie few remaining informants.

Kcv Wokus- Lake Prome Plain* (South Australia), interaction trails, circumcision, language

Introduction

t he existing word lists for the complex phonetic

syslcm of the ADNAMATANA language contained

tight? io one hundred words prior to the work of

Schebcck (1974). By the early 1970s it was realized

that language use had declined markedly. In

rrNpnnse to a special request from John and Pearl

McKetvie of Hawker, South Australia, a word li.sl

approaching three Thousand words was compiled

gradually and a pronunciation guide with selective

vocabulary was published by McEntcc (1976),

The link between general anthropology arid

Aboriginal language provides the answers to many
perplexing questions (MeLntee unpublished). In

particular, there are several aonama Iana
language terms connected with mythical storytelling

and navigation, For example, the vvord YAfA
WANDA- meaning io tell a story or myth' or literally

to story tell the land' is derived from the words

YATA meaning 'ground, country, land', and
WANUA- meaning 10 tell a story*. IsARRU ftARRU
means Straight to a place', *as the crow flies",

YALPA-Rf- means Io he all in line' mid YiiWAl -ATA-

means To find one's way across country*.

This paper clarifies these meanings with reference

to ceremonial and social interaction among the

various, groups that lived on and around the Lake

Trome Plains (Fig. 1), and to the local importance

of landmarks and stories.

* Erudina Station, via Yum la S.Aust. 5*40

Gale (1986) tcinforccs this view concerning

navigation:

"Aboriginal people developed a manher of wuy$ uf
depirrim* the countryside and defining routes to he
taken . . [theyj constructed stylised and wry practical

maps of their environment') (Gale 1986 p. 41)

Betndt (1987) described mythical ancestral

travelling routes and Ngadjun place names in the

north of South Australia and McEntee (unpublished

rns.) rioted thai at various stages, a number of these

mythical story lines were placed in remarkably

straight hues.

Requests lor possible meanings of the Ngadjuri

place names in Olary Province, mentioned in

Betndt \ paper (1987), because of the close

relationship with ADNAMATANA, led to the idea

of putting together some of the knowledge given

by vvord of mouth by John McKenzic who died in

1986, He was a WlllARU or fully initiated

ADNAMATANA elder who had told the author

about some of the interaction between the Flinders

Ranges people and those in western New South

Wales.

The generally accepted region where groups who
did, and did not, practise circumcision shows traits

of interaction across the Lake Frame Plains (Figs

I, 2; see also Beckett 1978), h was noted by Dix

(1883) that the Boolcooruata people (ie. the

Wilyakali) called the groups that practised

circumcision Bueindoppa. This term should be

compared with Yadtiyawarra - Bardnapa, and
ADNAMAfANA - VADN-APA. Since the observation
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Fill. J. Study iJie in the Minders Ranges, Olaiy Uplands

and Burner Ranges. I XI - (.akeCire^tuy; 1..B. = l.ake

HlJtuhe; LC = I ftltq ( allabrnma; LX = Lake

Torrcns. Pi A - Von Auyusia.

by Di>\ there had been little investigatory work

carried out in the area until that of Beckett (1967)

who summarised language and dialect change in

croup* located in north west New South Wales.

Hcckctt also showed that these gioup* displayed

variations in the fulfilment of initiation

requirements (Beckett 1967).

Informants and u .- Trails

In the lHKOs lohn MeKen^ie's father Tred was a

lad working on Wirrcatpu Station in the Flinders

Ranges, hi later years he passed on hw knowledge
to John who over the years retold many of these

Tories, In an interview in 1984, John described a

meeting and a 'challenge match 1

between
neighbouring groups as Tar ofr as western New

lampcrt, R. (1984) Unpublished tape iccoidinBrt, held

by coHeetur.

Mountf'ord, C\ P. (1937-1941) The Leuetid ul" die Xaiivc

Cat VKR1 1TTATITA and Gvtanna VARADNA. Research

vn the I linden Ranges. Mown lord - Sheaid Colleeuon,

1 myth*. Stale Libiaiy o-f South Australia. Special

C nl Iced on unpublished notebooks.

South Wales, jffhfch he likened in Ihe Otympi;*

Games', The following is a description by Julia af

this challenge match with waddies, held some-nine

last century.

"Thaw's been a challenge match Some of the

Ahorlf>mesjram New South Wu(e$,from Milpurinka
and Uilrunnio, had If challtrwe match. They nw<Jr

anon of challenge that they wetejust koinj; to walk
to Mr Scrte and that thv N?w Sow/7; Wales people
would heui em.

These New South Wales people came uvtwrt fo

challenge the Mt Se/te ttih*-- . , / (fori) known haw
many of them , . . Quite a mob. They made up thrtr

mtddie.s fWIRHll and they had to i>o down m H'eedmt
Spr irrg [ll'!t)NA } In Mt SIflrfc country wnere tiny hehi

a challenge tnuleh to see whuh Kid? would fwinj hat
the ift Sc/ie moh won with the waddles Ihev made."

(J .aimpfcrf Tapes I984';

It is possible, even with .sketchy information, to

outline the route taken to iravel front New South

Wales to Mt Serle, One source of material i$ the

legend of the Cioanna VADNA and the Native <_*al

IDNA (Mount foul 19*7-1941'*). The legend

concerns the illicit relationship between {joanna
and Native Cat thai caused ihem to lice from

punishment. The story began at f'oolamacca in ihc

Barrier Ranges, north of Broken Hill. Gum i rut and
Native Cat were very skilful ai hiding and the)'

hurried across the Mundi Mundi plain as they were

being pursued by Ihe angry elders o\' the group.

Much of the storyline Is lost but the trail would
surely include known water sources in (his arid

plain. The couple readied Ihe vicinity of Hilleroo

Watciholc on the Billeroo Creek KUMMLaSia
PARI. From there the travellers continued to

Coombes Spring yijiViavaDLU NA meaning 'the

bush Sctrevokt Sffirtescem hollow' near the south

easi shore oi Late Frome MUNDA (MeKntee 197h,

1986). Munda means *a trap nefin two ways - firstly

from the physical shape of the lake and secondly
from the fact that if one walks onto the lake there

is a possibility of breaking through ihe salt crust

and becoming trapped in the oozy mud. It is unclear

whether the storyline goes across the lake bur in

view of Ihe possibility Of becoming trapped, it is

likely that the storyline follows the southern

shoreline to VUKA-kAKRA-NA walerhole in the Big

John Creek (Fig, 2). The next place mentioned in

the legend is Prism Hill VADNA WAiAll-ftA

meaning 'goanna deep' or 'goanna has due. itself

deeply into the ground
1

. This explains rhc origin of

the lai.ee sand dune on ihe eastern side of Prism
Hill. Ihe hill is south of Werraloona WATALU-fcA
meaning 'shadow coming over'! From there ihe

storyline enters the Flinders Ranges to The John
watcrholc IRRAkA-NA. Jl passes near Ml Meklntav
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Fig. 2. Map of the f.aKe Frome Plains and surrounding ranges showing the country occupied by the Aboriginal Groups
mentioned in the tCM and the line of sight' trail, The line on the map marking the eastern limit of circumcision

is taken from Tindate <1^74).

WAYANA meaning 'dodge this place' ox 'don\ go
there'. The story ends near Areoona Bluff ARkU-
NA meaning Ycd ochre' where Goanna and Native
Cat were speared many times at a sandy patch

known as YANGA-VUTTVUT1 meaning Musty liver',

because their livers were pounded to dusl by I he

ciders as punishment. The spearings are an
explanation of the spots on Goannas and Native

Cats. From Areoona Bluff it is not very far to Mr
Serlc ATL-WARAPA NA. It ts likely that the people

from Milpariuka
>
the Malyangapa group, travelled

to Mt Serle via Yandama Creek which enters Lake
CaUabonna just north of Lake Frome* Once the

northern extremity of Lake Home is reached Mt
McRinlay would be visible. The people from the

Darling River probably followed the storyline from

Poolamacca.

John McKenzte told of another 'challenge matcb'

with the V/WtjNDI people - likely the Wilyakali

group - who travelled across to Blinman from the

country around Bimbowrie. These people certainly

had tici with Poolamacca, since some years after

F.uropean settlement the Rimbowrie people returned

to their former country al Poolamacca (Mawson
& Hossfeld 1926). John Mckenzie did nol

remember much detail about the YAWUNUl people,

only that they did not practise circumcision. The
ADNAMAfANA term for such groups was

YADLARRA. It is of interest to compare this word

with ^alara' mentioned by Di\ (1883).

The following is a description of a competition

using a specially curved throwing club known as the

WAVA (Tig. 3b). The WAVA possessed a straight

handle and as John described:

".
. . The point uf it had a bit of a tUrVe it\ it, not

a sfwrp curve, half straight. It had to he levelled off
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1'hcre was a second straight piece pf green wood.
tin* name of which had been forgotten. This was
laid Hat on the ground; as opposed to great brush

<)! a bush which was used in another competition

where the throwing stick whs named KUKLiRA (Fig.

3a), The men were divided into two teams and rook

kin turns to throw the WAVA ho (hat the point hi!

and then ricocheted off the wood lying on the

ground until it came to test with the point of the

club facing away from the thtower. It' The WAVA
landed and came to rest at right angles to the

thrower, there was no score. I ikewise a foul throw

was noi counted and that particular competitor
could not pick up the WAVA for a second try. The
competitors would stand in a line, one behind the

Other, bul alternatively, one team member and then

* lie other learn member. Two members of the same
team could not stand together. There would be two
men from each learn standing at I he place whcTC
the WAVA was going to land. 10 keep the .score U
for cNampie two males from one learn made a

mistake like throwing consecutively, the scorekeeper

would lake away two points. That would contravene

the rules.

John McKenzic gave the following account ot a

WAVA competition as told to him by his father;

Trout Ptamaka (PoolomaccaJ then? was a tot q/~

Aborigine* . that is tikr the .Win South Miy/ef mob.

Somehow or other they vent a message titit H ought

f)8 specialty twit young fellows that g& They would
just walk

, , net a bit oj tucker to live on tn between,

io bring ihe me^ane ac^s. The New South Wales

mob sent a message to Bfmtnan, thai they [the

\i\\\ l,'\'i)/l have io come across. Well they came from

Ptomuka lo Wirrealpa, to Olinman. They played

there . . . oh played there for about a week and won
ihe yame. All the Wtmnan people hud to do was to

puv (hem with ration* . , a bit of fhut, tea, fflffdfl

witchetty gftihs tmd cooked meat inno or wallub)
"

tLamben Tape* \9%A
'•)

Before returning to New Souih Wales they;

"Set about orrattxinx the next challenge, the tot Jroiv

Wirrealpa and Bftn/nun hud to go across to Ptamaka
because ihe others had come across to Hhnmun. They
sent a message to say there would be uUtuiier name
of WM'A Tttete wus a new horse and curt u^ a prise

at Phmtuku. Thai was the challenge . . . tfthefllinman

mob could win the i>ame they coutd take home the

horse and eat t," (which in fact they didj

(Lampert Tapes 1W)

The possible route from Blinman to the

Plumbago Hills and thence to meet Ihe people «il

Poolamacca is contained in a fragments y legend

remembered by PearJ and Myra McKcnsic, and
recorded again by Tunbridge <1

C>88), A family

travelled from Bhnman to Wirrealpa \VIRA-WAIPA
meaning Kiver Red Gum (MellriU'C 1 986.1.

hucalyptus canutldulensis - \1ried vegetable mallei

'

{Fig. 2). Horn Wirrealpa the line of travel led ro

Limestone Spring VANp.MA-NA meaning 'hard,

precipiiat 1 limestone', then through Nob Gap
VIU-MALKa meaning 'ventral scales of a snake,

marks', and then to Tooths Nob Ruins close to

Reaphook till) VIUAVARU NA meaning Ventral

scales of a snake, facing"- This is in reference to the

peak of Reaphook Hill which resembles the head

and part of the underbelly of a Yellow-I'attd

Whipsnake Demun&iu psiwtmopfus: or WIPARL.
Wiperu also happens to be the Ngadjun name fm
Reaphook Hill (Bcrndl ls>S7).

From Reaphook Hill the irackled to Ihe viehiity

of Erudma Station WIRAVUDNU meaning *| nickel

of E. camolrfulensis' Krom Erudina the trail led to

the waterholc at Curnamona homesread wika-
MAl.DA meaning 'clump of t comalrjulefni*

3

,

referring to ihe group of trees representing the

family waiting at the waterhole, which according

to the legend was dry at that lime, If the waicihole

at Cutnamona happeneil to be dry, there was a
chance of finding waiet by deviating a few

kilometres from the furaighi track to a large swamp
known as Katchiwilleroo KAI OA-WADIU meaning

the ihe Emu Bush, Eremophda duttonit hollow'.

This plant grows around the swamp to this day. This

swamp is capable of holding fresh water for twelve

months after good rainfall. However, the legend

describes the husband leaving his family at

Curnamona and heading foe Baiatta Spring

VARARINA meaning "playing a joke', where be had
to catch a kangaroo to skin io make a waicrbag for

his perishing family who bad travelled in the

meantime to Towcroo Spring (Aboriginal word
unknown) at Spring Hill. The legend enJ* svith rlie
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liii.vhjhU eventually catching up with his family and
trying in vain to save them. In tinier of reasonable

rutnlall, a more direct route could be taken from
Curnnmnna homestead to Toweroo Spring ar Spring

Hill. From this place the track could lead to a

number ol locations on Plumbago, LJimbowrieand

Outalpa stations. Billetoo Hill is vis)ble from Spring

Hill and .shows the way into the granite country

where there would he assured water supplies.

However the next feature in travelling the straight

track from Spring Hill is Windamerta wtNDA-
MAIA meaning ^Tvfo dha, the Barn Owl, thick or

Moot' (McRntec 1986). The hill certainly looks like

the foicpari of an owl especially when viewed from

the norrh west. It is uncertain from BerudCs notes

whether Windamerta and Windagudna are separate

place.v but Windagudna could possibly refer to the

Camel Hump, wiNOAKUDNA means 'Bam Owl
droppings'. On lop of Camel Hump is a white

mu crop which looks very much as if a legendary

owl left droppings at that place. The white outcrop

is plainly visible from the north west of Windamerta

and an Aboriginal pJtfnttWg site is located al the

south western base of Camel Hump. John
McKcn/ie often referred to the Barn Owl as a
special bird.

Figs 2 & 4 show the landmarks standing in line

of sieht. By moving just. I kilometre to the south

west oX Curnamona homestead, Spring Hill and
Windamerta merge By moving 1 kilometre to the

not III east of Curnamona an area of plains country

show* between Windamerta and Spring Hill, If the

travellers kept Spring Hill ill sight from the

Kcaphook and Curnamona, they would have been

assured of arriving at water supplies on the

otheiwi.se featureless plain. Conversely,, by keeping

rhe kcaphook in sight and the correct shape (

nalka means shape) the reverse trip could be

negotiated just as safely. Pearl McKenzie's niece,

Myra also told of people who would gather al

Willippa and head cast, following rhe low hills to

Spring Hill to meet up with the VAWLNDI people.

Hardy (1976) mentioned George Uutton who w'as

horn at Vancannia. but was brought up by his

Malyangapa stcp-lathei as being:

''more strung/* 1 aware <*f what remained of the old

landtaarks thai had guided his fieo/tle"

(Hardy 1970 p. 202)

Unfortunately the inlereonnecting knowledge has

died with the descendants of the Barrier Ranges

people who ventured to the Hinders Ranges.

Two very similar legends concerning *'Moon

Man" ate contained in Isaacs (1980), One- version

is told by George Dulton <Barkindji Story) and the

other is rold bv Mav Wilton (ADNAMATANiA

Fig. 4 Silhouettes of the Kcaphook, Windamerta, Spring
Hill and Toweroo Spring. A. the Kcaphook. B. The
Straight line view from Curnamona Waterhole. C. The
view I kilometre south west of Curnamona. D. ibe viewr

I kilometre north east of Curnamona, Note thai the
precise location ot Toweroo Spring in Views C and D
is ditiKuh lp determine.

Story). Hercus (19S2) recorded an identical southern

Baagandji story. Basically the stories describe how
a greedy uncle Monn Man with two wives, forbids

his nephew to eat emu meat that had been caught
during a hunt. The nephew decide* to get even with

his uncle by tricking the latter into climbing a tree

having many witeheity ^rubs. The nephew Xeeps

blowing on the tree lo make it grow taller. He then

asks Moon Man to try to touch the sky. As Moon
Man grabs at the sky the nephew quickly makes the

tree shrink, leaving his uncle stranded in the sky.

The nephew then takes off with Moon Man's wives

for himself.

Conclusions

These stories, travelling routes and the map show
the relationship between country; travel and
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communication among Aboriginal people in the

Flinders Ranges, the Olary Upland and the Barrier

Ranges (Fig. I).

Di.seussious over rhe years wirh John and Pearl

MeKenzie have shown that link.* between the people

of western New Souxh Wales and the people of the

Hinders Ranges were even -stronger ihan the links

between I he latter and the closeiy related Kuyani

people to the west.
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(lossarv

Many letters in l lie uauseription used by the author ior

aUNAMAVaNa words have similar corresponding sounds

in English. However consonants with a superinseribed dot

are lamina-palatal- Consonants with a subiusenbed dot

arc retroflex and consonants with a supermsenbed
circumflex are lamina dental A bar over N denotes the

velar nasal, as 'ne' in sing. The four intervocalic rhotics

art transcribed thus: and R for the flaps, RR for the

irill and R for I he glide, f lie three uiwels A. 1 and U are

similar to Italian in their pronunciation. Verbs appear in

dictionary form' and thcicforc end in hyphens.

The words listed are ADNAMATANA words unless

otherwise stated.

AON A
ARKIJ

IHNA

KAMA

clone, rock

red ochre

Native Cat, most likely Dasyimn
xcoffrayi (Could, 1840)

YadKvdwarra word corresponding to

ADNAMAfANA word At 1JA

'Emwtiphilu (hutonii K VlncU.', also

't'. free/ingii F. Much',

M'M.Ua name oi s*rai>*ht competition
throwing 5lick tYadKyawarra ?)

K.UDN

A

Ngadjuri and Vad liyawa rra. word
correspondiiu' to the ADNAMAfANA
word UDNA ^excrement*

Kt.vinit.ANA Yadliyawarra place name, with

unknown meaning. Part ol Bitleroo

Creek

NALKA shape or form

NARKU \AUKU straight to (a place), direct, express

PARI Vadhvawaria - Malyangapa word
corresponding lo A ON AMAtaAa
word VARl 'creek*

v-NONA the sand eoanna iaranus pouhiii

Qray
VADN-APA first stage initiated male person

VANpAIA hard, preciphaied limestone

v<\R.\Kl- to play a joke oi prank

VAWUVDI appellation Cor group living around

Bimhayvrie and eastwards

1. ADNAMAiAlSA form of hrtghsh

word 'paper

2. May also mean "thin sheet' at it is

contained in The word ARRl." V1PA
'cirrus cloud; literally 'grey thin short

'

ventral scales of a snake

dusty, powdered, pulverised

thicket of trees

Bottom John Waterhole in the Big

John Creek. Possibly derived from

VURA *knce
v
and YadUyawaira

KARRA 'nigh' ef. ADNAMAfANA
word ARRA «high'

(hick. sLout. large

pi urai-pei sou-word ai (ached ro

nouns, 'group', 'mob', he nee
ADNA\1AIA\A 'rock group* or

people of the loeW
1. the mulga free Acacia anettro F.

Mtiell. ex Bcmh
2. marks

MM t'A 1 cheek

2, pluial-pbnt-vvord attached to

nouns, "chimp'

MtlMJA L 1 ake f rume
Z, trap net used in hunting

YAM.iA liver

yma earth, ground, country

V\l)l AKKA term for groups not piaeiistne

circumcision

vai 1'a-RI. intransitive verb meaning lo be

slacked'. *it> be all in line
5

Yt'DI I the bush Scuevo/a spinetcert* R-JIr.

'Ian I lower*. This word is also

pronounced Y'l.uf i and Ytmi I

YL'NlHi LO put down, to place

Y'tAVAi-Afv composite xt^rb meaning lo find

one' 1- way rteio.ss eounirC derived

lYoiu YL'vvAU' 'st eum* and probably

V\i\ l
ln Hatch'

VI PA

VII l

VUTl VUTI

VUDNL

VUHA-kARKANlA

MA I

A

MAIA. MVIANA

MAI KA
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WADLU

WATAfl
WATALU
WANDU
WANDA-
VvAVA

WAYA
WARU

Yadliyawarra word for 'hallow' or WALPA
'hole' as in waterhole WIDNA
low down WINDA
shadow coming over WIPA
good WIPARU
to tell a story

name of curved competition WIRA
throwing stick

to dodge, to steer clear, avoid W IK Rt

facing, facing towards WILARU

Refer*uices

dried vegetable matter

reeds

the Barn Owl, Tyto alba Seopoli

ant, Iridomyrmex spp.

the Whip Snake, Demansia
psammophis Schlegel

the River Red Gum, Eucalyptus
camaldulensis Dehnh. (1823)
waddy. club with knobbed end
fully initiated male person
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A NEW TROMBELLID MITE (ACARINA: TROMBELLIDAE) FROM
SOUTH AUSTRALIA

BYR. V. SOUTHCOTT*

Summary

Austrotrombella leprosa gen. et sp. nov. is described, for the adult and deutonymph, from

south-eastern South Australia; the new genus is monotypic. Revised definitions are given for

Parathrombella Andre, 1958 and Durenia Vercammen-Grandjean, 1955. Two species placed by

Andre in Parathrombella are here reclassified as Durenia vilhenae (Andre), comb, nov., and

D. gracilipalpe (Andre), comb. nov.

KEY WORDS: Taxonomv. Acarina. Trombellidae. Austrotrombella, South Australia, adult,

deutonymph. Durenia, Parathrombella.
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A NEW TROMBELLID MITE (ACARINA: TROMBELLIDAE) FROM
SOUTH AUSTRALIA

by R. V, Southcott*

Summary

Sol mi< on , K. V. (1991) A new irombellid mire (Aeanna: Trombeltulae) From South Australia. Trans. R.

Sac. S. Aust. IIS<4», 207-212, 29 November, 199!.

AustralrotnbeUu leprasa gen. et sp. no* is described, for tbendult and deutonymph, From south -eastern

South Australia; the new genus is monotypic. Revised definitions arc given for Parolhrambefhi Andre, 1958

and Durenia Vereammen-Grandjean, 1955. two species placed by Andre in Para(hrombetht 3re hcte

reclassified as Durenia vilhenae (Andre), comb, no*'., and D. graeilipalpe (Andre), comb. nov.

Kn Words: Taxonomy, Acarina, Trombellidac, Austrutmmbella. South Australia, adult, deutonymplt-

Dureniu, Paruthntmbelta.

Introduction

The mire family Trombellidae Thor, J935, as

restricted by Southcott (1986a, 1987), contains three

genera known only as adults: Puruthrombetla

A ndr£» 1 958 (A friai ), NeonOfhrothmivbidtum

Robaux, 1968 (South America), and
Maiputmmbvltu Southed!, 1986a (South America).

One genus. Womersleyiu Radford* 1946 (Maldive

Islands, southern Asia) is known only from the

larva. For Ttombellu Bcrlesc, 1887 (Europe, Africa,

Australia) the adult, larval and deuionymphal

instars have been described (see Southcott l*386a,

bi for Durenia Vercarnmen-Grandjean, 1955

(Africa, South America, south-eastern Asia) the

same instars are known (Vetcammen-Grandjean,

1955; Robaux, 1968, Vercammen-Grandjean &
Audy, 1959). For Nothrotrombidium Wornersley,

1954 (adult) (Europe, south-eastern Asia, North

America) tarvae have been described by Feider

(1958) and Southcott (1987),

This paper records the discovery of a new genus

and species of irombellid. for Ihe adult and
dcutonymphal insrars, from south-eastern South

Australia, described here In consequence generic

concepts in the Ttombellidae are re-examined, re-

definitions offered tor Durenia and Pumthrombettu,

and the reclassification oi' two species of

Parothrombef/a as Durenia.

placed in six large plastic pots and returned to

Miteham, S.A,, where they were placed on acement

patio away from other vegetation and kept moist,

At intervals of one month, half the contents of a

pot were spread on a coarse wire mesh in a large

Berlese funnel, and allowed to dry at ambient

temperatures. The arthropod and other fauna were

extracted live and examined daily. Among these were

three adult and one deuionymphal irombellid mite,

of o new genus and species. One adult (the holotype

*?) was alive and active, and an attempt to study

its life history was made, by confining it in a tube

with some of the site soil; however it died eight days

later, without ovipositing The other three

specimens were found dead in Ihe exit action jars,

despite daily esaminations.

The mites were cleared in 50% lactic acid and

mounted in Hover's medium (Krantz, 1978)- Fig.

I was taken with a Leica M3 camera with bellows

and ring extensions, with a 25 mm lens and flash

illumination. All drawings were made with ll\e aid

of a camera lucida. All measurements are in

mieromeires (^m) unless otherwise specified Sctal

and other terminology follow* Southcott (1986a. b,

1987).

Material is deposited in the South Australian

Museum, Adelaide (SAM).

Materials and Methods

Samples of wet soil with grosvmg grasses and
dicotyledonous herbs were collected from a site

beneath a stand of Lepwspermum fawgerum
(Alton) Smith near Robe, South Australia, in

March 1990. The site, near a.swamp edge, had been

studied for four yeats for life history studies of

trombiculid miles. Samples weighing 5-6 kg were

* 2 Taylors Road, Miteham, S Aust. 5062.

Genus Austwtrttmhelfo gen nov

Definition: Adult: Dorsum of idiosoma with four

longitudinal columns of almost contiguous

depressions lined with basal plates, heavily

sclcrotizcd and sculptured with irregular pits, from

rounded to oblong and polygonal. Bach plate with

a smaller more or less central area of much smaller

pits. Anteromedian plate single, transverse, with two

sensillary pits, well-separated, in its posterior pan.

each bearing one fine sensillary seta. All dorsal

idiosomai plates lack normal setae (scobalae).
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Crista absent. Two sensory setae on each side,

underneath anterior edge of anteromedian plate, the

lateral ones resembling the prodorsal sensillary

setae. In between the dorsal plates the integument

carries simple chitinized structures ('eupolae'), each

bearing one strong, simple, pointed seta. Ventral

surface with coxae I and IK and 111 and IV of each

side fused in a sclerosed plate; coxae bearing

simple, pointed setae. Genital plate triangular, with

several rounded pits at anterior and posterior ends

of each lateral valve; setafiori of genital plate

reduced. Legs with coarse setae, many robust,

lanceolate. Hysterosoma with plates similar to

dorsal, asetose* with eupolae on intervening

integument.

Eyes apparently 2^2, with outer surfaces

somewhat irregular,

Dcutonymph: As tor adult, but with genital plate

reduced, each lateral valve with one large rounded

pit at anterior and posterior ends.

Larva: nol known.

Jtecognition: AustroirombeUa may be scparaied

from oiher adult (and deutonymphal) Trombellidae

by replacing Caption 4 of Souiheoll (1986a f p. 164)

with the following;

4 (3) Pour depressions in lateral dorsal idiosomal

column Porathromhetia Andre, 1958

Five or six depressions in lateral dorsal

idiosomal column .4A

4A |4) Five depressions in lateral dorsal idiosomal

column; depressions without setae

Aitstrotromhella gen. nov.

Six depressions in lateral dorsal idiosomal

column, depressions with normal idiosomal

setae (scobalae) ,

Trombelta Bcrlese, 1887.

Austrotrowbctfo tvprosn gen. el. sp. nov.

FIGS 1, 2, 3A-E, 4A-C

Hotolype: y SAM NI99II12 (adult)

Paratypes: SAM NI99HI3, NI991U4 (adults)

Description oj uduh (Figs 1, 2, 3A-if>: Colour of

idiosoma in life reddish brown dorsally, red

ventrally, legs and palpi orange-red. Idiosoma

oblong; in life 1220 long by 970 wide, total length

to tip of chelicerae 1350; after mounting on slide

idiosoma 1495 long by 1125 wide, total length 1855.

Details not covered in generic definition:

Anteromedian plate transverse, 255 long by 364

wide, wider than two smaller plates immediately

posterior; with a large central pit 28 long by 36 wide,

lateral to which on each side a sensilligerous pit

bearing a filiform seta 130 long; centres of

sensilligerous pits 202 apart. Similar seta 145 long

1 mm

Fig. I. Austmirombetfa hJi>"isu gen. n\ sp. nov., attnli,

holotype, live, dorsal view, from a Kodachromo

originates anterolateral^ under anteromedian plate,

and medial to this seta another seta 84 long; each

seta arises from a small recessed pit. A series of

narrow sculptured plates lies laterally along the

idiosoma.

Ordinary setae (scobalae) absent from all dorsal

and oilier idiosomal plates, but individual setae set

in inter-plate integument, each arising from the

summit of a strongly ehitimzed bell shaped 'cupola'

(see Figs 2, 3A>
Eyes 2+2, with irregular (i.e. non-spherical)

external surfaces, set hi small ocular plate

underlying anteromedian and contiguous

anterolateral dorsal plate; strong, pointed seta I02

long on adjacent cupola medial to eyes.

Ventral surface: coxal plates coarsely pitied,

bearing simple pointed setae. Genital plate 336 long

by 315 wide, each lateral valve bearing three rounded

pits at anterior end and six at posterior end

(paratype ACB1182 with 7-8 pits at posterior ends).

Row ol simple pointed setae, 34-50 long along

medial edge of each valve, and few similar seiac

elsewhere on valves (see Fig 3B). No acetabula seen

within genital aperture.

Anal plale roughly triangular, with rounded



Hg. 2. Austroimmhellu Ifprasu gen. et sp. nov.
t
adult, holotype.

dor.sal view, entire.
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fig. 3. AustroiromMfa leprasu gen. et sp. now, adult.

holoiype. A. Cupola, bearing seLa ('c' in Fig. ]).

B External genitalia. C Tip of chelicerae, dorsal. D Palp

tibia and tarsus dorsal, t Same, ventral, (fcach to

nearest scale).

angles; posterior angle obtuse; length 140, width

235; with pitting as tor coxal and hysterosomal

plates.

Hystcrosoma with symmetrical plates similar to

dorsal idiosomal plates, not seen clearly owing to

thickness of preparations, but similar to those of

deutonymph, inf.

Legs robust, lengths (including trochanter to tip

of tarsal claws) 1 1185, Jl 1255, III 1260, IV 1695.

Legs well provided with coarse, pointed setae,

mostly lanceolate to pointed-conical, generally

simple, but some of the conical setae with fringing

setules. Tarsi, particularly I, with reduced setation,

setae mostly simple, lanceolate, pointed; few setae

(also on tibiae) slender. Several minute solcnoidalac

on genua, tibiae and tarsi. Tarsal claws simple,

falciform. Leg segmental measurements (genua-

tatsi) as in Tabic J.

Gnathosoma: cheliceral blades 125 long, pointed,

straight, with 12-13 remorse teeth, more outstanding

peripherally. Palpi simplified, particularly tibia and
tarsus; general setation similar to that of legs, much
reduced on tibia and almost absent on tarsus; tibial

claw strong, blunted.

Description of demonvmph ( from paratvpe
N1991H5): (Fig. 4A-C).
Colour and general morphology similar to adult,

but less heavily sclerotized. Idiosoma (mounted) 5S5

long by 405 wide; total length to tip of chelicerae

700. Anteromedian plate of dorsum 150 long by 270

wide, with its sensillary setae cM) long; centres of

sensilla 132 apart.

Eyes apparently 2 + 2, abortive, corneal surfaces

aspherical.

Ventral surface: coxal plales as for adult, with

setation of simple pointed hairs, 27-70 long, as

figured. External genitalia trapezoidal, 104 long by

86 wide where widest, toward posterior end (Fig.

4B); each valve with one large rounded pit at each

(anterior and posterior) end; medial edges of valves

with few simple pointed setae 25-36 long. Anal

plate obscured in preparation. Hystcrosoma with

large, pitted plates as figured. Integument between

plates with seta-bearing cupolae as figured.

Legs similar to those of adult; lengths (including

trochanter to lip of tarsal claws) I 670, II 680. Ill

665, IV 850, Leg segmental measurements as in

Table 1. Leg setation simitar to adult.

Gnathosoma: cheliceral blades similar to aduli,

with c\ 13 rctrorsc teeth. Palpi similar to adult but
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Fig. 4. Austrotromhp.Ua feprosa gen. et. sp. nov.,

deutonyrnph, paratype. A Ventral view, leys omitted
beyond trochanters. B External genitalia, C Palp, femur
to tarsus, ventral. (Each to nearer scale).



Table 1. Leg segmental measurements for

deviation, with the range in parentheses.

NEW TROMBELLID MITE 211

Austrotromhella leprosa gen. et sp. nov. Data shown as mean £ standard

Holotype
ACB11329

Adults Deutonymph

Paratvpe

ACB1216

Gel 235

Til 277

Tal(L) 258

Tal(H) 67

Til/Gel J. IS

Gel! 242

Till 308

Tall(L) 283

Tall(H) 62

Till/Gdl 1.27

Gel 1

1

244

Tilll 319

TalH(E) 288

TaJIUH) 48

Titll/Gelll 1.31

GelV 382

TilV m
'laiV(L) 309

TaJV(H) 43

TilV/GelV 1.04

3 238.7 +22.72
(218-263)

3 277.0 + 25.00

(252-302)
3 259.3 + 19.04

(241-279)

3 64.3 + 7.37

(56-70)

3 1.163 + 0.0153

(1,15-1.18)

3 249.3 + 25.79
(228-278)

3 312,7 + 33.25

(282-348
3 291.0x14.73

(282-308)

3 61.3-3.055
(58-64)

3 1.253 4 0.0153

(i.24-1.27)

3 249.7 ±30.89
(222-283)

3 328.3 + 39.83

(294-372)
3 294.3+27.06

(271-324)

3 48.7 + 7.02

(42-56)

3 1.313 + 0.00577
(1.31-1.32)

3 390.3.56.96
(338-451)

3 387.0-51.42

(347-445)
3 314.7 + 22.05

(296-339)

3 48.0 + 9.54

(42-59)
3 1.023 + 0.0208

(1.00-1.04)

125

153

154

36

1.22

120

156

168

37

1.30

116

160

165

31

1.38

174

196

174

31

1.13

less setose, e.g. palpal tibia with four pointed setae,

palpal tarsus with about five flattened, simple setae.

Material examined: South Australia: Robe district,

Map Reference (Penola 1: 250,000) 283411, in wet,

alkaline, shellgrit - containing soil near swamp edge,

under a stand of Leptospermum lanigerum (Aiton)

Smith, collected 22.iii.1990, R. V. Southeott, and
successively extracted by drying through Berlcsc

funnels. Holotype SAM N 199111 2 (ACB 1132)

obtained on 2.iv.l990 (adult); died 10.iv.1990.

Paratype adults SAM N1991113, N1991114 (ACB
1152, ACB 1182) obtained dead on 5.V.1990 and
I2.vi,1990 respectively. Paratype deulonymph SAM
N1991115 (ACB 1216) obtained 7.xii.l990.

Etymology: Austrotromhella from 'australis'

(southern) and Australia*, and Trombella) leprosa

refers to the appearance m life, as though the

dorsum is covered with ulcers.

Remarks on taxonomy: Austrotromhella is very

distinct from its nearest genera (see the rubrics

above). The palp is more obsolete than that in any

other described trombeilid.

Remarks on biology: All specimens came from wet

soil. Although the extraction jars were examined
daily, only the holotype adult was obtained alive.

Evidently this species is sensitive to desiccation.

Comment on classification of Trombellidue

Andre (1958) described Parathrombella with type

species R nasuta Andre, 1958, and (Ac.) two other
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species front Angola, P. vithenae and P. gracilipatpe.

from Andre's descriptions it is dear thai the latter

two species lack the dorsal plates present in P.

nasuta* and bear dorsaliy and anterolateral^ on the

idiosoma ihe two small pits which Vereammen-
Grandjean (1955) recorded iu Durenia Vercammen-

Grnndjean, 1955; ihey also have similar leg structure

u> chat of D. bukavuensis Vereammen-Grandjcan,
1955 (Africa) and D. giundulow Robaux, 1968

I South America)- These two species of Andre are

here reclassified as Durenia vithenae (Andre), comb.

iiov., and D. gracihpalpe (Andre), comb. nov.

Ihe following revised .generic definitions arc

mi feted:

Durenia Vcrcamnicn-Grandjean. 1955

Definition: Adult: Iromoellidae. Eyes2-»_-2. Doisuin

o\' idiosoma with two small anterolateral pits, but

lucking columns of depressions oi depilate areas.

larva: Trombellidae. Eyes 2+2, Pedocoxal setal

formula 2, l
r

1. Pedotarsal claws. I, I, 2, Nasus of

dorsal scutum large, triangular, its lateral border

continuous vvilh anterolateral border of scutum,

with at mosr only small constriction. Leg tibia 111

'.vilhout a large solenoidala.

Tvpe species: Durenia hukavuensi* Vcrcammcn-
Itiandiean. IV55.

Remarks: Durenia is at present known for three

African and one South American species in post-

larval instars, and (as a larva only) for Di

singaporensis Vercamrncn-Grandjean & Audy, 1959

(south-eastern Asia), Larva to deutonymph
correlation was established by Vercammen-
Graudjcan (1955) with the type species.

Parathrornbella Andre, 1958

Definition: Adult: Trombellidae. Eyes 1 + 1, Dorsum
of idiosoma with three longitudinal columns of

depilate depressions, four in each lateral column.

Larva; Not known.

Remarks: At present restricted to the type specie*

R nasnra Andre, from Angola,
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CRYPTIC SPECIES IN POPULATIONS OF GLOBOCEPHALOIDES
TRIFIDOSPICULARIS KUNG (NEMATODA: TRICHOSTRONGYLOIDEA),

PARASITIC IN MACROPODID MARSUPIALS

BYD. L. OBENDORF* L BEVERIDGE* & R. H. ANDREWSf

Summary

The technique of allozyme electrophoresis was applied to populations of the nematode

Globocephaloides trifidospicularis Kung from Macropus giganteus and M. rufogriseus from

Tasmania. Fixed genetic differences were found at four of 24 (17%) loci examined. Because the

nematodes and their hosts are in sympatry, these populations constitute two distinct biological

species. By comparison, both populations of Globocephaloides differed at 58% of loci from the

related genus and species Amphicephaloides thylogale, parasitic in Thylogale billardierii in

Tasmania.

KEY WORDS : Globocephaloides; Amphicephaloides; Macropus; Thylogale; allozyme

electrophoresis; cryptic species
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CRYPTIC SPF.CIKS IN POPULATIONS OF GIOBOCEPHALOIDES
TRiFIDQSPtCULAJUS KUNC (NEMAIODA; TKK HOS I RONGYIjOIDKA).

PARASITIC IN MACROPODID MARSUPIALS

by D. L. OBtNDORF* [. BEVEKlUGli** & R. H. ANUKhWst

Summary

OuiNDitHi, D. 1... Bi viintKa:, I. & Avwrwv. R. A. (1991) Cryptic species in pftntiliiiloiDi o\

(iiift)iKfftho/tjifU-\ trif/tfospkidatis Kunu (Ncinatoda; Trichostroogvloidta) parasitic in rnacropodid

iiuitMipuiK. Trans, R, Sue. 5. Aunt. il5(4). 21J-216, 29 November, 1991.

The technique o\' allo^yme electrophoresis was applied to population; of (he nematode GfobovephofuSdes
tnflrftrifiictihirtt Knng from Muctopus yww/ewi and M. m/ogristjus from Tasmania. F&i .genetic dilYerenew

wete found al lour of 24 (I7s>) loci examined. Because the nematodes and their hoys arc in syrtipmry,

these populations constitute two distinct hiologicat species. tty wmpflrison, both populations of
G!tthOiLY>thttotdt;\ dilltred at f8$5 of loci from Ihc related genus and species Amphicephatoidcs ;tiYtozaf£,

parasitic In Thylugah* billardier'u in Tasmania.

Kr v Words. Gtti/uxrpfwtvUlts', Ampfticephtthides; Mitcropus\ Thybgate; ailozyme elecinsphoresis; eryptu

species

introduction

Globocephaloides tr\fldasptc\daris Rung, 1948 is

a common duodenal parasite of a number of
mactopoditl marsupial species from south-eastern

Australia (Reveridge 1979). Because it feeds, on the

Wood of the host, this nematode species is capable

of causing mortality in eastern grey kangaroo
(Mmrropus giganteus) populations, particularly in

juvenile animals (Arundel et al. 1990). In a
taxonoinic revision of the sub-family
Globoeephaloidinae, Beveridge (1979) concluded
that a single, morphologically variable species

oucurm) in Macropus gizonteus,M /u/igmo&us, M.
fu/o^r/seus, A/. cugenii

y
M. parryt and Wailabia

bMor in the south-eastern region of the continent.

During an investigation into mortalities in M.
giganteus on Maria Island, Tasmania (42"33'S,
148*05 'E), in which G. trifidospicutarvs was

involved, it was observed that Atf. rufogriseus* also

parasitised by Gtobocephaioides* remained
unaffected (D. L. Obendori unpubl. data). These

observations suggested that the nematodes infecting

the two rnaeropochd hosts might belong to different

species. The presenr study aimed to lesi ihi>

hypothesis using the technique of allozyme

electrophoresis, a powerful means of testing the

existence of sibling species (Richardson es. al.

1986).

* Jasmanian Department ot Primary Industry, Mount
Pleasant Laboratories, Kings Meadows, Ta> 7249.

* Dcparlrnenl of Veterinarv Science, University of
Melbourne, Paiicville, Vie. 3052.

I h'voluuonary Biology l'nii
k South Australian Vlu^aun.

Adelaide; cur rem address: Depart inem of
Mtcrabinta&v and Immunology, Uiiivc-rMtv ol

Adelaide: Adelaide, S Aust. 50O0

Materials jml (Ylelhort*

Specimens of Globocephaloides were collected

from the duodena of M giganteus front Ml
William, TUs. M0°3J'& I48 C15'E>. and from M
tufvgriseus from Trcvallyn. Tu*. <41 U27'S 9

I47°05'E). Nematodes were washed in saline and
frozen in the wells of micro-tit re plates at -80'C
until processing. As an outgroup. specimens of a

related genus and species Amphu:ephaloide$
thylogale, a duodenal parasite of Thytogate spp„

were utilised; I hey were derived from Thylogale

biifardierii from the Launceston area, Tas.

Because Of their small size, pools of nematodes
rather than individuals were examined,
Homogcnates were prepared by adding an equal

volume of homogenising solution (Richardson et

at. 1986) to thawed samples, sonicating and
centrifuging at 5(MX)g for 10 min at 4"C.
Electrophoresis was conducted on cellulose acetate

(%>llogel'\. Chernetron, Milan) according to the

methods of Richardson et al. (1986).

Forty-five enzymes were screened for .suitability

as enzyme markers. Thirty-two enzymes showed
activity following hjstochemical staining in at least

one sample of either Globocephaloides or

Arttphicephatoidej, The enzyme names,
abbrevialions and Enzyme Commission codes

i.E.C.) for these enzymes are as. follows* acid

phosphatase (ACP, E.C 3.J.3.2.). adenosine
deaminase {ADA, E.C. 3.5.4.4.), alcohol
dehydrogenase (AUH, E.C. 1.1,1,1.), adenylate

kinase (AJv\ E.C. 2.7.4.3 r, aldolase (ALD, E.C.

4.1.2.13), diaphoiase (DlA, fc.C. 1.8. 14), enolav?

tENOL, EC 4.2.1.1]>, esterase [EST, EC 3.1,1.1),

lurnarate hydratase fKUM> EjC. 4.2,l.2>, guanine-

deaminase (GDA, E.C 1.4.1.3), glulamatt
deiiydTOsena^e (GDH, E.C, 1,4,L3)? aspartate
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aminotransferase (GOT. E.C. 2.6.1.1 1,

glucose-6-phosphate dehydrogenase (G6PD, E.C.

M I 49), glucose phosphate isomcray: (GPI, E.C.

5.3.t.*J), alanine aminotransferase (CIPT, E.C.

2,6.1.2), glutathione reductase (GSR, E.C 1.6.47),

hexosaminidase (HEX, E.C. 15.I.52), isocitrate

dehydrogenase (1DH, E.C. 1.1.1.42). leucine

.aininopeptidase (LAP, E.C. 3.4.U.1), lactate

dehydrogenase (LDH, E.C U.1.27),. malare

dehydrogenase (MDH, E.C. JJ.J.37), manno.se-

phosphate isomcrase (MPI, E.C. 5.3.1.8), purine

nucleoside phosphorylase (NP, E.C. 2.4.2.1),

peptidase valine-leucine (PEP-A, E.C. 3.4.13. |l),

peptidase leucine-glycinc-glycinc (PEP-U, E.C.

3.4.11.4), phosphoglyceratc mutase (PGAM, EX?.

5.2.4.1), phosphoglyccrate kinase (PGK, E.C.

2.7.2.3), phosphoglucotnutase (PGM, EX'. 5.2.4.2),

pyruvate kinase (PK, E.C- 2,7.1.40), triosc-

phosphatc isomcrase (TPr> E.C, 5,3.11), U.P.D.-

glucose pyrophosphatase lUGPP. E.C. 2.7,7.9)

And xanthine oxidase (XO, E.C. 1.1.3.22).

Representative specimens of me two nematode

populations from Maria (, were fixed ul 10%
formalin and cleared in laetophcnol for

examination. Measurements were made with an

ocular micrometer on five male and five female

Glabocepbalmdes from the two macropodid hosts.

Representative specimens from both hoMs from

various areas of Tasmania have been deposited in

the South Australian Museum: from M gigflttjius

HC 9IS7, 16572. 16581-3, 16612; from M,
nifogriseusHC 9164. 10742, 14843-4, 10799. 16440.

Results

Sufficient slaining intensity and resolution for

reliable genetic interpretation was observed for 23

enzymes, encoded by a presumptive 24 loci. A
further nine enzymes stained but showed sub-

optimal activity. Of the 24 enzyme loci scored (Table

I), fixed allelic differences occurred between the twu

populations of Globocephct/oides at four loci

(Ada-it idh-2. Got, Pep-B) (17'%). Fixed differences

between both samples of G/obocephalnides and
A mphiccphalvides occurred at 14 of the 24 (58%)
loci examined (Table 1).

The following enzyme loci were, invariant between

.samples*. Aid, Diat Gpt, Mdh, Pgam and Tpt.

Detected morphological differences between the

two populations of Globocephahides were slight

(Table 2), Specimens from Af. giganteus were

marginally longer titan those from Af rufogriseus>

and the females were substantially stouter. The
spicules were slightly longer in specimens Horn Af.

gigantetts, but when expressed as a percentage of

total body length, were similar to specimens from

Af. rufogriseu,\. Female nematodes from Af.

giganteus contained substantially more eggs in the

anterior and posterior uteri when compared with

females from M. rufogriseus. In nematodes from
Af. giganteu.% there were significantly more eggs En

the anterior interns.

Discussion

Although allo/yme analyses were limited to

results obtained from pools of nematodes rather

than individuals (because of their small sr/.e), fixed

allelic differences were found at four of 24 (I7;V)

of the loci examined for the two populations of

Gtobocrpha/oides, Typically, allopatric gene pools

having fixed differences at more than 15% of

Tm*i.e 1. Summary of allelic differences between pools of Globocephnloidcs /row Macropus ?.igamens (A) and
Maeropus rufogriseus (Bf and pools qf Amphicephaloides thylegale from Thylogale biltardierii.

Enzyme Locos*

Hpocics Acp Ada-I Ada-2 Ak Enot Esl Fum Gda Cot Opi Gsr Idh Up fyw Mpi fyp-A Pep-B Uf>pp

Globoaphuioutes fl, — cd) b al d — b — b a a e a b de b p b

0lohi)csphitU}iile\ B b bi c a bd b b c 3c \ a b a b M b b h

Amphia-phaloides a ah a b ac a ab ac a b b a b a a/b/eV a a *

* Multiple loci are designated numerically Rpcqttttng to intreaang elect ropnoretic mobility.

t Alleles are designated alphabetically, where a is the most caihodally migrating allele.

1 Heterozygosity is represented by the two homologous alleles, ic ah, be etc.

S Where electrophoretie patterns did not confomi to expectations lor heterozygosity (eg MPI, a monomeric etrcyws
where heterozygoies should be double-banded) samples wcte depicted as possessing a mixture (I) of ullo/ynics

<ey for the monomeric enzyme MPI, the Ampfuccphaiaidc* sample had a mixture of three allo/vme* a/rv-t

— Staining intensity and resolutiun was not sufl'icieni to allow unequivocal genetic imerpi elation
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T-AHtK 2, Meffsuremsntx (in mttttmetresf of Glcboceptialoutes infiduspicularis from Macropus giganteus and M.
rufogriscus fl&m Matin t, Tas> /mettft offive measurrfnettf* i/r parentheses).

Af. gig&nt&is A/, rufogriseus

Total length C*

Maximum width 9

Spicule length 7

Spicule length a* ^o of budy length

No. of eggs in anterjoi uterus

No. <n cugi in posterior uterus

92 ii.i iin.o
11.1 13.4(11.8)

38-0.5) (0.45)

0.S4-0.60 (0.56)

4.82-6.4V (S.$i)

50-132 U03)

7.6-8.6 (8.2)

V.9-13J U0.7>

0.23-0.36 (0.301

0.43-0.47 (0.451

5.26-5.72(5.511

13^61 (43)

14-68 (47)

enzyme loci belong to different biological species

(sec Richardson et ai 1986). Thus the data presented

here suggest ihai Lhe two populations of

Gtobocephittotdes examined represent distinct

species. However, there is reason to believe that the

two nemarode taxa arc in fact sympatic, even

though our .samples were not collected at lhe same
site. The two hosts arc sympairie over tuudtof their

geographical Tange in Tasmania {Calaby 1983;

Kirsch & Poole J972). and in addition the same two

host species on the mainland have a substantial

overlap (74^) in diet (Jarrnan & Phillips 1989).

Since G*. frtfidosptculwis infects its host orally

{Uevertdge 1979) the two populations of nematodes

in M, zigarjteus and A-/, rufogriseus are essentially

sympatric. The morphological differences noted

beiween nemarode specimens occurs irrespective uT

lhe locality of collection within Tasmania,

suggesting that the segregation is by* host rather

lhan by geography, and that collecting from any

location in Tasmania would yield similar results. In

the case of a sympatry, a single fixed allelic

difference is sufficient to indicate a lack nf gene

flow and hence the presence of distinct biological

species (Richardson er ai. 1986). Thus, the

demonstration of four fixed allelic differences

between these nematode populations would indicate

that they belong to distinct biological species. The
much greater proportion of fixed differences For

both species of Glohocephaloides and
Amphkephaloides (587c) supports lhe generic

distinction madr between them at the

morphological level iBeveridge 1979).

I he genetic differences between the two species

of Glohocephaloides are matched by quite minor

morphological differences (Table 2). The latter

would probably not be considered significant in the

absence of genetic data- The difference in absolute

sL/e in spicule length is not marked when considered

as a percentage of total body length, and in the case

of both male and female nematodes, differences in

overall body si*e may have been discounted as being

host-induced. Numbers of eggs in the uteri oi

female worms are nor generally considered a reliable

taxonomie character in trichosuongyloid geneia,

and a variety ol factors, including exposure to

chemicals (Hotson et ai. 1970), can influence the

number of eggs present. This feature as well as

differences in egg number between anterior and

posterior uteri have, however, been utilised

advantageously for taxonomie purposes in the case

oi the uichostrongyloid nematodes of rnonotremes

lOurerte-Desset £ Cassone 1983). It appeals

therefore that in the case of G\ triffdospicularis.

relatively minor morphological differences may
indicate the existence of sibling species

The results presented here raise questions as to

the status of records of G. trifidosptcutaris in othei

macropodid host specie*. Unsuccessful attempts to

infect worm-free M. eugenii with G, trifidospkvtew

derived from M. gtgoateus (I. Bcvcridgc uiipuhl.

data), may indicate that the nematode in A/, eugemi
is an independent sibling species. The status of

.specimens from M, parryi and W. htcolor also

remains to be investigated. The type hov! ol C?.

trifidospicutaris is M. rufogriseusy the original

description being based on specimens obtained

from wallabies housed at the Regent's Park Zoo

(Kujlfi 1948), Beveridgc's (1979) Tcdescription is

based on material from Af gigametis front Victoria

and therefore probably represents an undeseribed

species. No new names are proposed here, pending

the clarification of the status of G. trtftdospicularts-

like nematodes in other macropodid host species.

In northern Australia, G. irifiduspicularls is

replaced by two congeners, G. affims occurring

almost exclusively in the black-striped wallaby,

Macropus dorsalis, and G. tnacropodis occutring

in a wide range of host species (Beveridge 1979;

Bcvcridgc el at, 1984). The results obtained in this

study suggest that a similai analysts of C.

macropodis may be appropriate,

The slight morphological differences observed

here between the populations of Globoeephu/oides
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from M. giganteus and M, rufagriseus
}
indicate the

care which needs to be taken when morphologically

similar parasites from different hosts are assigned

to the same taxon, The results have significant

practical implications, since in the mortalities

observed in M. giganteus on Maria I., M.
rufagriseus was not acting as an alternative or

reservoir host for the parasite. Plans to reduce the

densities of kangaroos in order to control the

adverse effects of this nematode parasite probably

do not therefore need to take account of sympatrie

M. rufogriseus populations.
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A NEW SPECIES OF ANTECHINIELLA QUENTIN & BEVERIDGE, 1986

(NEMATODA: ACUARIIDAE) FROM THE AUSTRALIAN WATER RAT,
HYDROMYS CHRYSOGASTER GEOFFROY, 1804.

byLesley R. Smales*

Summary

Antechiniella sertatum sp. nov. (Nematoda) is described from the Australian water rat, Hydromys

chrysogaster Geoffroy, 1804. It differs from its single congener, A. suffodiax, in length of body and

oesophagus, length and disposition of cordons, length of spicule and proportions of the female tail.

The genus is one of only three in the family Acuariidae parasitising mammals. Dietary preferences

and feeding habits of the insectivore, dasyurid, procyonid and rodent hosts of these genera may be

important factors in host distribution and occurrence of infections.

KEYWORDS: Nematoda, Spirurida, Antechiniella, rodent, Hydromys
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A NKVV SPECreS OF AMECHIMELLA QUENTIN & BKVERIDCJfc; 1«J86

(NEMATODA: ACLAR1IDAF) FROM THE AUSTRALIAN WATER RAT.
HVDROMYS CHRYSOGASTER GEOFFROW 1804,

by Lfc.si.tv R. Smales*

Summary

!>MAI I % I . R (1991) A new species Ol AttteChtriwIfet Quenlid A: Bevehdge, l<38t$ iNctimktdo ACUAffldftfr]

from i he Australian water rat. Hycfrdtrix'i chryaogasicr Geofftoy, 1804. Trans, R. Soc S Auv, • 115(4),

?I7 22ft 3(1 November, I99L

Afjftrhhik'fh seriatum sp. nov. (Ncmatuda) is desciibed from Ihe Australian water iai, Hydrwwys
ch/y.sogusier Geuffroy, 1804. ft differs from its single congeuer, .-1. si{ffodtux, in Iwigih of budy and
oesophagus, length and disposition ot cordons, length of spicule and proportions ot the female tail. The
genus is one 0! only three in the family Acnatiiclue parasitising mammals. Dietarv preference* and feeding

habit* of the inseehvore, dasyurid, proeyonid and rodent hosts of these genera may be important (actors

in hosr distribution and oeeu nonce of mt'ectton*

KEY Words- Nematode, Spirurida. Atitichl/ifeflfi, rodent, Hydromys.

lntrnd<iefion

Although acuariid nematodes occur principally

in hirds, a Few occur in mammals. These were

reviewed by Qucntin & Beveridge (1980). They
concluded, on the basis of cephalic ontogeny (hat

the three species previously grouped in ihe $enus

Sturtunermema Osehc, 1955 (Acuariinae) had

different phylogeneltc origins. Only The species from

holarctic inscetivores should remain in the

Statnmerinemu, while the species from neotropical

procyonids should He referred to the Skrjohirtodava

Sonolev, 1943 (Acuariinae). The third, from

Australian marsupials and rodents, should l>e

referred to a new genus AntechinicUa to he placed

in the Seurattinae. .4. suffodiax (Bcvcridgc & Barker,

1975), first described from the Australian marsupial

Antechimts stuartli Maelcay
(

1841, ^as later

reported from Rattus lulreolus and R. fuscipes in

Victoria by Obendorf (1979). This was noted by

Quenlin & Beveridge (1986) f
. but they did nol

include rodents as hosts in their diagnosis of the

ggauSt, nor did they indicate the reasons for this

omls&ion. In recent collections of parasites from

another rodent, ihc watei rat, HyeJrotttys

cftrysogaster Geoffroy, 1804, a second species of

Anfechinietta has been Tumid.

M a term Is vu\ Methods

Nematodes were collected from one water nit

from Back Valley, South Australia in August 1985

and ftoni three water rats from the Inman River,

S.A., in February 1989. Stomachs were digested tn

I Vo pepsin (pH - 1 ) at 40*0 for up to 2 hour^ and

* Depanmem of Biology, University College of Central

Queensland. Rockhampton. Old, 4702.

ihe nematodes were dissected free from surrounding

gastric tissues. Nematodes were fixed in 70%
ethanol, 57c formalin or glacial acetic acid.

Additional material, from S.A. and Victoria, held

in Ihe Australian Helminthological Collection

(AHC), al the South Australian Museum (SAM),

lots 1682, 1698, 1764,4610, 4611. 5326, 14829, was

also examined. Only two females and five males

remained intact. In addition anterior or posterior

ends of some males and females were preserved.

Accordingly measurements ate from 5-10 male and
2-6 female specimens, Specimens were cleared in

lactophcnol. Measurements, in ^iin unless otherwise

slated, with the range followed by the mean, were

made with the aid of an ocular micrometer, drawing

tube and measuring wheel. Illustrations were

prepared with the aid of a drawing tube. AH
specimens have been deposited in the South

Australian Museum.

Antecbinitffa scrtsittitn s>p. dov,

FIGS 1-12

Etymology: The specific name striatum js derived

from the Latin 'a garland' and refers to the cordons

around the anterior end.

Description: Seuratiinae. Long worms with anterior

half of body considerably dilated. Cuticle ihickencd

irregularly on narrowest mid-section of body
adjacent to point of emergence from host stomach

wall, leading to slight widening towards posterior

end. Two large pseudolabia present; cordons

prominent, transversely striated, with deep wide

median groove. Cordons anastomosing,, extend

dorsolateral^' and ventrolaterally along pseudolabia

and sides of head, extend posteriorly almost ta

nerve cord, turn towards one another and fuse,

rceun to level of distal pharynx. Deirich bicuspid.
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ANTkLWNIELLA StRTATUM SV. NOV FROM //YDKOMYS (JHtrsotiASTt-X JW

Male: Leu.ettt 18-38 {3D mm. Maximum width
340-770 f627). minimum width HSO-225 (189)

Cordons extend 100-240 i189l from anterior end.

Pharynx conical, <U-90 (73) lomj. Anterior

muscular oesophagus 500 790 UJ56) Und posterior

glandular oesophagus 2«80-4000 (3426) long. Nerve
ring Around muscular oesophagus 220-3W t-7.1)

from anteriur end, excretory pore 360-550 <47Ki and
deirids 248-3H0 (3^3) from anterior end. Left

spicule 620-1 1404927 ) Ions, flaied at proximal end,

triangular in section, alac nor seen. Right spicule

blunt tipped J4Q-230 {W) long. Four pre-anal and
four post-anal pairs of pedunculated papillae

present.

Female: Length 30-42 <36)mm. Maximum width

1425-1525 (14751. minimum width 250-275 (263)

Cordons extend 260-380(320) from antedoi cod.

Pharynx conical. 6U-I00 i92) long. Anlennr
rnuscutar oesophagus 775-1000 1 886) and posterior

glandular oesophagus 3250-4325 OSES) long. Nerve

nngL around muscular oesophagus 310-360 (337)

from anterior end. excretory pore 490-720 (60S) and
deirids 430-540 (4NS) horn anterior end. Vulva

situated 7-13.5 (9)mm from posterior end. Vagina

vera very short about 250. fail 26K-3K0 <32S) long,

tip rounded. Eggs sjnooth, thick shelled 42 5-47.5

(43X0 * 30.0-32.5 <32.0).

type Sfteatnerts: Hotel vpc SAM V4I4S. Allotype,

SAM V414V Paratypes AHC 18392.

7)pe host: Hvdrowys chrysot'u^er Oeol'lioy. 1804,

the waier rat.

Tipe locality: Inmaii River, SA.
Site of infection: Stomach.

Discussion

This species differs fTorn its congener. .4.

siiffodntx, as follows (measurement* of males are

gcyen unless otherwise stated); greater length of

body 18.0-38.0 (3i.0>mm compared wltJt 17.2-23.6

(l$.9)min; longer posterior extent, 100-240 (I89| as

compareo with 65-180 (100), and disposition ol

cordons; and greater length of esophagus, 500-790

(65f>) fur the muscular portion and 2880-4000

(3426) for the glandular pott ion as compared wiih

340-S60 (4701 and 1 200-2500 (2000) respectively;

longer left spicule. 620-1140 (927) as compared with

560-860 1700): longer tail of female 268-380 (32SK
as compared with 170-200 (180) and longer distance

from vulva tu posierior cnd> 7.0-13 5 (9)mm
compared with 5.0-7.2 (5.8)mm.

Specimens of Antechimefla from water rats, heM
in the AHC, have been variously designated SpifWu
s. I. sp. (Johnson & Mawso-n 4952) A. saffvdiv.K zi\d

Anscchinivfla sp. (Sxnales era/. 1990). Sow of the
specimens were posiei iur ends ol' worms associated

with I'tbtous nodules in the stomach wall. Material
thai consisted only of poster lor portions of worms
could be identified positively as .1 scrtqtuni by the

length ol the spicule, proportions of the female tail,

and the presence of irregular cuticulai thickening

on the mid-body in both sexes. Therefore, all rhx

material from water rats lodged in (be AHC Is A.
sertuium.

The appearance of the nodules on the stomach
wall was consistent with gross descriptions of
nodules given by Beveridge & Barker rl975) for A.
st<#bc//cn. However the nature of the material, old
and inadequately rived for histological sectioning,

precluded a more detailed examination.

Another acuaiiid Synhrmanrus australten.ui

(Johnston & Wawson, 1952) also occurs in //.

ctfrywg&ster andA .Uuurtii These small worms can
readily he distinguished from A. sertuium by their

size, the disposition of the coidons and the spirally

coiled postciiot extremity of the male. S.

auztrtttk'tisis and A. striatum haw been recorded
from the same localities in S.A. and in H.
dvysogastertis mixed infections in the same host.

The iood preferences of the mammalian hosts of
acuariid nematode species appear to he very similar.

The insectivore.v Antevhimts and Sorex will take a

variety of arthropods (Herter 1972; Slatham 1982),

and in the case of Surer, small vertebrates and
carrion, H. chrysogasier and Procyon cancrivorv-;,

the crab caiin& racoon, are opportunistic predators

taking aquatic insects and crustaceans as well as

larger animals and fresh can ion (Watts & Aslin

1981; Po$layeu-Nciiwall 1972). The 'latter two hosts

also demons! rale rcmariablc similarities in feeding

behaviour and food preferences. Horn take food
from the water and cat it while sitting on the
riverbank "Coon sign", piles of crustacean
exoskeleton, left at the feeding sites of P.

curicrivnnts is paralleled oy similar midden heaps

left by H. citrysogaster at its regular feeding Sites.

These feeding patterns appear to ensure that

appropriate intermediate hosts form pan of their

diet, and may pioAide an insight into the selective

distribution and occurrence of host and parasite.

Since .4. sertatum U found only in Australian
rodents and A. stiffndiax is found in & Uitnrofus

Hgs I 12 Af>ttxhirneti</ wrfaium sp.nov. from Momaeb u' Hydrowys chrvsogaswr. I. Male .interior end, laicrnlvicw,

2 Cephalic end, en/ace view. 3. Cephalic vml oblique, mainly dorm-ventral view. 4 transverse section arid body,
iirewiilarl) thickened cuticle. % Mid body region, irregularly thickened cuticle b. Deind. T, Right spicule, vanral
vicav. S. leti spicule, prnolimtl cud, lateral view, 9. t-ernatc, vulval r«g»on, 10. Left spicule, distal end. laknil view.
1

1 M*lft posterior end. lateral view. 12- remote po^t^rtOr t-nd, tMlcral view. Scale lines; Fis, I, 05mm; It»s2 3,4,S,1],

SCUun; Fi^s 6,8,0). 25 ttm\ Tigs 7.i:
(
4TiM .n. Flu M, EOQiUft
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and R. fuscipes as well as the marsupial A. stuartii,

the generic diagnosis as given by Quentin &
Beveridge (1986) should be expanded to include

rodent hosts.
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